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CONVERSION FACTORS AND ABBREVIATIONS

Multiply

inch (in.)

foot (ft)

mile (mi)

By

Length

2.54

0.3048

1.609

To obtain

centimeter

meter

kilometer

Area

square mile (mi ) 2.590 square kilometer

Flow 

foot per day (ft/d) 0.3048 meter per day

Temperature 

degree Fahrenheit 5/9 x (°F-32) degree Celsius

Specific Conductance 

Microsiemens per centimete at 25 degrees Celsius (uS/cm)

Equivalent concentration terms

milligrams per liter (mg/L) equals parts per million (ppm)

micrograms per liter (jag/L) equals parts per billion (ppb)

Other abbreviations used in this report

horsepower (hp) 

foot per mile (ft/mi)



Relation Between Land Use and Quality of Shallow, 
Intermediate, and Deep Ground Water in Nassau 
and Suffolk Counties, Long Island, New York

By Paul E. Stackelberg

Abstract

Water-quality data from a network of 207 wells 
in five areas of differing land use in Nassau and Suf­ 
folk Counties on Long Island were statistically eval­ 
uated to determine whether (1) the spatial 
distribution of contaminants within the ground 
water system can be related to land use and (or) 
depth below the water table, (2) shallow ground 
water that has been altered by human activities has 
reached the intermediate and deep zones of the aqui­ 
fer system, and (3) construction of sewers has 
resulted in an improvement in ground-water quality 
within suburban areas. The five study areas lie along 
the regional ground-water divide, where the pre­ 
dominant direction of ground-water flow is down­ 
ward. The areas were defined, on the basis of the 
predominant land use and age of sewers in 1986, as 
follows: (1) suburban area with long-term sewering 
(longer than 22 years); (2) suburban area, recently 
sewered (less than 8 years); (3) suburban area, 
unsewered; (4) agricultural area; and (5) undevel­ 
oped area. The sampling depths were delineated on 
the basis of estimated traveltime of ground water 
along vertical flow paths from the water table to the 
midpoint of each well screen. Wells were classified 
as shallow (estimated traveltimes of 10 years or 
less), intermediate (estimated traveltimes between 
10 and 100 years), and deep (estimated traveltimes 
of 100 years or more).

Analyses of water samples from the shallow 
and intermediate zones indicate that concentrations 
of inorganic constituents were lowest and least vari­ 
able in the undeveloped area and generally highest 
and most variable in the agricultural area. Concen­ 
trations in the two sewered suburban areas generally 
were medium to high. Volatile organic compounds 
were detected only within the suburban areas. These 
results are similar to those from previous studies

that statistically related land use to shallow ground- 
water quality. Concentrations of most inorganic con­ 
stituents and values of most physical properties 
decreased with depth in the aquifer. This decrease is 
attributed to (1) physical and chemical reactions that 
remove constituents from solution, and (2) dilution 
by hydrodynamic dispersion and ionic diffusion as 
constituents move along flow paths.

Traveltimes of ground water along vertical flow 
paths from the water table to the midpoint of each 
well screen indicate that water in the deep zone is 
old enough to represent pristine (predevelopment) 
water quality. Concentrations of inorganic constitu­ 
ents in samples from the deep and overlying inter­ 
mediate zone were more variable, and the median 
concentrations higher, than those from a data set 
representing predevelopment ground-water quality. 
This difference indicates downward migration of 
these constituents and is attributed to local pumping, 
which accelerates the downward flow of shallow 
ground water into intermediate and deep zones of 
the aquifer system by increasing the vertical hydrau­ 
lic gradient.

Median concentrations of inorganic constituents 
in shallow and deep zones of the three suburban 
areas, and detection frequencies of volatile organic 
compounds from all depths within each suburban 
area, indicate an improvement of ground-water 
quality in the long-term sewered area. Median con­ 
centrations of several inorganic constituents in the 
shallow zone, which represents relatively young 
water, were highest in the unsewered and recently 
sewered areas as a result of the continued loading 
from cesspools, septic tanks, and nonpoint sources, 
and the persistence of inorganic compounds intro­ 
duced before sewers were constructed; the highest 
median concentrations in the deep zone, which rep­ 
resents relatively old water, were in the long-term-
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sewered area, which has been developed the long­ 
est. Additionally, detection frequencies of volatile 
organic compounds (VOC's) in the long-term-sew­ 
ered area were higher in the intermediate zone than 
in the shallow zone, whereas their detection fre­ 
quencies in the unsewered and recently sewered 
areas were highest in the shallow zone because of 
continued loading from industrial and residential 
sources and the persistence of VOC's introduced 
before sewers were constructed.

INTRODUCTION

In 1984, the U.S. Geological Survey (USGS) 
began the Toxic Substances Hydrology Program to 
assess the quality of the Nation's ground-water 
resources and the nature and extent of ground-water 
contamination (Helsel and Ragone, 1984). As part of 
that program, 14 study areas that represent a variety of 
climatic and hydrogeologic conditions and land uses 
were selected to provide information on regional 
ground-water quality and its relation to local hydro- 
logic and human influences. The Long Island aquifer 
system in Nassau and Suffolk Counties was selected as
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Figure 1. Location of the five study areas and the regional ground-water divide on Long Island, N.Y
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between land use and quality of shallow ground water 
and confirmed that contamination from human activi­ 
ties has affected the quality of water in the water-table 
aquifer. That phase was preliminary, however, and did 
not address the effects of the local direction and rate of 
ground-water flow, the length of time that suburban 
areas have been sewered, or historical land-use prac­ 
tices. A refined approach was used in the second phase 
(1986), which was designed to statistically evaluate 
the quality of shallow ground water beneath five areas 
of differing land use along the regional ground-water 
divide (fig. 1) (Eckhardt and Stackelberg, in press; 
LeaMond and others, 1992). This approach incorpo­ 
rated the effects of the factors not addressed in the first 
phase of investigation. The third phase of investiga­ 
tion, described herein, was designed to extend the sta­ 
tistical analysis of ground-water quality within the five 
study areas into deeper zones of the aquifer system.

Purpose and Scope

This report presents the results of the third phase 
of investigation of the effects of land use on ground- 
water quality in Nassau and Suffolk Counties. Also 
included are: (1) descriptions of the five study areas in 
terms of land use, population density, and hydrogeo- 
logy; (2) estimates of ground-water traveltime from 
the water table to the midpoint of each well screen for 
207 randomly selected wells; (3) comparisons of the 
chemical quality of water from the shallow zone of 
each study area with that in the underlying intermedi­ 
ate zone; and (4) comparisons of the chemical quality 
of water from the shallow zones of the three suburban 
areas with that in the underlying intermediate and deep 
zones. Also discussed in the report is whether effects 
of development on shallow ground water observed in 
previous studies are evident in intermediate and deep 
zones of the aquifer and whether sewers affect water 
quality in the three suburban areas. Water-quality data 
collected by USGS investigators from 207 randomly 
selected wells screened in shallow, intermediate, and 
deep zones beneath the five study areas are evaluated 
in this report.

Each well was sampled once during the study 
(1987-88). Sampling depths were delineated on the 
basis of estimated traveltime of ground water along 
vertical flow paths from the water table to the mid­ 
point of each well screen. Wells were classified as 
shallow (estimated traveltimes of 10 years or less), 
intermediate (estimated traveltimes of between 10 and

100 years), and deep (estimated traveltimes of 
100 years or more). The resulting data were statisti­ 
cally evaluated for evidence of water-quality differ­ 
ences among the five areas and three depth intervals. 
This statistical evaluation, coupled with an estimation 
of the traveltime of ground water from the water table 
to the midpoint of each screen, was used to determine 
whether (1) the spatial distribution of contaminants 
within the aquifer system can be related to local land 
use, depth below the water table or both, (2) contami­ 
nation resulting from human activities has reached the 
intermediate and deep zones of the aquifer system, and 
(3) construction of sewer systems in the suburban 
areas resulted in an improvement in ground-water 
quality.

Previous Investigations

Concern about increasing contamination of sur­ 
face-water and ground-water resources in Nassau and 
Suffolk Counties since their rapid development after 
World War II has prompted many investigations into 
the extent and sources of contamination. Perlmutter 
and others (1964) and Perlmutter and Koch (1971) 
investigated the extent of detergent contamination 
emanating from hundreds of thousands of cesspools 
and septic tanks in Nassau County and found that the 
contamination was widespread in the water-table aqui­ 
fer, although generally in low concentrations. Deter­ 
gents were seldom detected in samples from 
underlying aquifers, except in areas where pumped 
wells were screened a short distance below detergent- 
rich water of the overlying water-table aquifer. Per­ 
lmutter and Koch (1972) found that nitrate concentra­ 
tions in large areas of the water-table aquifer in 
southern Nassau County approached or exceeded the 
U.S. Public Health Service's recommended limit of 
10 mg/L (as N) for drinking water and observed that 
nitrate-enriched water from the water-table aquifer had 
penetrated the full thickness of the underlying Mag- 
othy aquifer. They attributed the increasing nitrate 
concentrations to infiltration of sewage, leachate from 
fertilizers, and wastes from decayed crops. Ku and 
Sulam (1976) studied the concentrations of nitrate, 
chloride, and dissolved solids in ground water in 
southern Nassau County from the 1950's to 1973 and 
found that (1) concentrations had increased steadily, 
and (2) the elevated concentrations had moved verti­ 
cally downward from tens of feet to a few hundred 
feet. The Nassau-Suffolk Regional Planning Board, in



an extensive investigation of surface- and ground- 
water quality in the two-county area during the mid- 
1970's, found nitrate concentrations to be increasing 
significantly in the two-county area, most notably in 
areas of recharge to deep aquifer systems (Koppelman, 
1978). Katz and others (1978) and Porter (1980) attrib­ 
uted the increasing nitrate concentrations in the two- 
county area to wastewater from cesspools and septic 
tanks and to fertilizers used on lawns and agricultural 
areas.

Sewer systems were installed in parts of Nassau 
County during the 1950's and 1960's in response to the 
deterioration in ground-water quality. Shortly thereaf­ 
ter, several studies were done to evaluate differences 
between ground-water quality in sewered areas and in 
unsewered areas (Perlmutter and Koch, 1972; Koppel­ 
man, 1978; Ku and Sulam, 1979; Katz and others, 
1980; Porter, 1980; Ragone and others, 1981). These 
investigators concluded that, although ground-water 
quality in sewered areas had improved or was improv­ 
ing, the improvement was being masked by the slow 
rate at which the water-table aquifer could discharge 
nitrate that had been introduced before sewer con­ 
struction and by the continuing introduction of nitro­ 
gen from nonpoint sources.

The first detection of volatile organic compound 
(VOC) contamination of ground water in the two- 
county area was documented in 1975. Subsequent 
sampling of public-supply wells in Nassau County 
revealed VOC contamination throughout the ground- 
water system; the highest concentrations were near 
industrial areas, and concentrations were higher in 
water from shallow wells than in water from interme­ 
diate or deep wells (Myott, 1980). During the mid- 
1970's, the Nassau-Suffolk Regional Planning Board, 
as part of an investigation of surface- and ground- 
water quality, detected VOC's in shallow and deep 
aquifers in parts of both counties (Koppelman, 1978). 
In an investigation of chlorinated organic compounds 
at a contaminated commercial site in Nassau County, 
Eckhardt and Pearsall (1989) detected VOC's at con­ 
centrations as high as 38,000 )4,g/L and at depths as 
great as 500 ft below land surface.

Although routine analyses of public-supply and 
monitoring wells in Nassau County have not detected 
metals at concentrations exceeding current drinking- 
water standards (Myott, 1988), investigations as far 
back as the early 1960's delineated plumes of ground 
water with high concentrations of certain dissolved

metal species in Nassau County (Perlmutter and oth­ 
ers, 1963).

In the late 1960's, several studies addressed statis­ 
tical relations between human activities and the chem­ 
ical quality of surface- and ground-water bodies. 
Because virtually all of the water in Long Island 
streams is derived from ground water, the quality of 
streamflow is indicative of the quality of ground water 
in that part of the aquifer that discharges to the 
streams. Koch (1970) compared the quality of water 
from streams in sparsely populated parts of Suffolk 
County with that in streams in moderately to densely 
populated parts of Nassau County and found that the 
concentration of certain constituents derived from 
human activity were significantly higher in Nassau 
County than in Suffolk County. K.A. Pearsall (U.S. 
Geological Survey, written commun., 1988) compared 
estimated pristine-water concentrations of selected 
inorganic constituents with 1987-88 concentrations in 
residential and agricultural areas and found that (1) the 
elevated concentrations of several of these constituents 
in shallow ground water were the result of human 
activity, and (2) the constituents studied constituted 
from about 60 percent to virtually 100 percent of the 
total inorganic constituent load to the aquifer system in 
residential and agricultural areas. The effects of natu­ 
ral geochemical processes on constituent concentra­ 
tions in these areas was found to be small. In 1984-85, 
as part of the Toxic Substances Hydrology Program, 
Eckhardt, Flipse, and Oaksford (1989) examined 
water-quality data from more than 900 wells in Nassau 
and Suffolk Counties that represented 10 different 
types of land use to evaluate the effect of human activ­ 
ities on ground-water quality and found contamination 
in the water-table aquifer throughout the two-county 
area (Eckhardt, Flipse, and Oaksford, 1989; Eckhardt 
and Oaksford, 1986). The highest median concentra­ 
tions of inorganic constituents were generally in high- 
density residential and agricultural areas, and the high­ 
est concentrations and most frequent detections of 
VOC's were in commercial and industrial areas. VOC 
detection in high-density residential areas also was 
high, and the percentage of samples having detectable 
concentrations was directly correlated with population 
density. A subsequent study under the Toxic Sub­ 
stances Hydrology Program in the late 1980's statisti­ 
cally evaluated the quality of shallow ground water 
from five areas of differing land use along the regional 
ground-water divide in Nassau and Suffolk Counties; 
results indicated that water from undeveloped areas
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had the lowest and least variable concentrations of 
most human-derived constituents (Eckhardt and Stack- 
elberg, in press; LeaMond and others, 1992; Eckhardt, 
Siwiec, and Cauller, 1989; Eckhardt and Helsel, 1988; 
Eckhardt and others, 1988). Concentrations of inor­ 
ganic constituents in samples from the agricultural 
area generally were highest and most variable, and, in 
general, concentrations in samples from residential 
areas also were medium to high. VOC's were detected 
most frequently and at highest concentrations in sam­ 
ples from residential areas. During that investigation, 
the potential for ground-water contamination was eval­ 
uated through maximum-likelihood logistic-regres­ 
sion models that relate the presence or absence of 
specific contaminants to selected explanatory variables 
that describe the degree of human activities at land sur­ 
face (Eckhardt and Stackelberg, in press; Stackelberg 
and Eckhardt, in press; Eckhardt, Siwiec, and Cauller, 
1989; Eckhardt and Helsel, 1988; Eckhardt and others, 
1988). Explanatory variables that were found to be sig­ 
nificantly correlated with the presence of VOC's, 
nitrate, and boron within the shallow ground-water 
system included population density and the percentage 
of residential, agricultural, industrial, and commercial 
land use within a 1/2-mi radius of sampled wells.

DESCRIPTION OF STUDY AREAS

The five study areas, which were defined accord­ 
ing to the predominant land use and age of sewers in

1986, are categorized as (1) suburban, with long-term 
sewering (longer than 22 years), (2) suburban, recently 
sewered (less than 8 years), (3) suburban, unsewered, 
(4) agricultural, and (5) undeveloped (fig. 1). Predomi­ 
nant land use reflects the types of human activities 
within each study area and provides a basis for evaluat­ 
ing relations between human activity and ground-water 
quality. The delineation of suburban areas on the basis 
of the presence and age of sewers in 1986 allows com­ 
parison of water quality in an unsewered area with that 
in areas sewered for longer than 22 years or less than 
8 years. All five areas lie along the regional ground- 
water divide, where the predominant direction of 
ground-water flow is vertically downward, and con­ 
tamination introduced at or near land surface is trans­ 
ported deeper into the aquifer system than elsewhere.

Land Use

Land use within the five study areas can be 
assessed and described in terms of (1) land-use catego­ 
ries and (2) population density. Land use within each 
study area in 1981, as compiled at a scale of 1:24,000 
(Long Island Regional Planning Board, 1982), is 
depicted in figures 2A through 2E and is summarized 
in table 1.

Suburban area, long-term sewered. This study 
area encompasses 33.5 mi2 in central Nassau County 
that has been sewered since 1964. The predominant 
land-use category is residential, which constitutes

Table 1. Land use in the five study areas in Nassau and Suffolk Counties, N.Y.

[Locations are shown in fig. 1; values are in percent; land-use columns may not add to 100 percent because of independent Founding]

Suburban

Land-use category
Residential: 

Number of dwelling units per
acre:

0.99 or fewer
1 to 4.99
5 to 9.99
10 or more

Commercial
Commercial recreational
Industrial
Institutional
Open space and recreational 
Agricultural 
Transportation and utilities 
Vacant
Water bodies

Long-term 
sewered

2.63
5.75

48.90
1.69

12.82
.0

3.63
9.21
9.51 

.02 
3.27 
2.55

.02

Recently 
sewered

2.96
.57

57.37
.68

6.56
.0

6.82
5.71

11.43 
.01 

5.63 
2.16

.10

Unsewered

18.59
33.21

.06

.05
3.35

.02
3.34
9.45

10.26 
3.78 
7.51 

10.38
.01

Agricultural

2.84
5.53
1.27
.62
1.69
.08
1.28
1.45
2.91 
58.61 
2.86 
20.64
.21

Undeveloped

2.91
1.95
.36
.39
.28
.13
.40
1.72
11.84 
7.82 
10.07 
61.94
.18
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58.97 percent of the area (fig. 2A and table 1). The 
commercial and industrial categories together consti­ 
tute 16.45 percent of the area and are concentrated 
along major transportation corridors. The open space 
and recreational category constitutes 9.51 percent of 
the area and includes motor parkways that cross the 
area. The institutional category constitutes 9.21 per­ 
cent of the study area and is represented primarily by 
two universities in the southeastern part. The transpor­ 
tation and utilities category constitutes 3.27 percent of 
the area; vacant land constitutes only 2.55 percent, and 
water bodies and agricultural land together constitute 
less than 0.1 percent.

Suburban area, recently sewered. This study 
area (fig. 2B) is adjacent to the east side of the long- 
term sewered area and encompasses 30.2 mi2 in cen­ 
tral Nassau County (fig. 1). Although the two areas 
differ in age of sewers, their land-use patterns are sim­ 
ilar. In 1987, sewers had been installed for less than 
8 years in those parts of the study area that are ser­ 
viced by sewers. The predominant land-use category is 
residential, which constitutes 61.58 percent of the area 
(fig. 2B and table 1). Commercial and industrial land- 
use categories together constitute 13.38 percent of the 
area and are concentrated along major transportation 
corridors. The open-space and recreational land-use 
category constitutes 11.43 percent of the area and is 
represented primarily by motor parkways and a large 
public park in the west-central part of the study area. 
The institutional category and the transportation and 
utilities category constitute 5.71 and 5.63 percent of 
the study area, respectively, and vacant land accounts 
for 2.16 percent Water bodies and agricultural land 
together constitute about 0.1 percent.

Suburban area, unsewered. This study area 
(fig. 2C) encompasses 58.8 mi2 in the westernmost 
part of Suffolk County (fig. 1). It differs from the two 
other suburban areas primarily in its lack of sewers 
and in the greater percentage of vacant land and 
smaller percentage of commercial and industrial land. 
The predominant land-use category is residential, 
which constitutes 51.91 percent of the area (fig. 2C 
and table 1). The vacant-land category and the open- 
space and recreational category constitute 10.38 and 
10.26 percent of the area, respectively, and the institu­ 
tional and agricultural categories constitute 9.45 and 
3.78 percent, respectively. Transportation and utilities 
constitute 7.51 percent. Commercial and industrial

land together constitute only 6.69 percent, substan­ 
tially less than in the two sewered areas. Water bodies 
and commercial-recreational land together constitute 
less than 0.1 percent of the study area.

Agricultural area. This study area (fig. 2D) 
encompasses 41.2 mi2 in eastern Suffolk County 
(fig. 1). The predominant land-use category is agricul­ 
tural, which constitutes 58.61 percent of the area 
(fig. 2D and table 1). Vacant land constitutes 
20.64 percent of the area, and residential land use con­ 
stitutes 10.26 percent. Transportation and utilities con­ 
stitute 2.86 percent, open space and recreational land 
constitutes 2.91 percent, institutional land constitutes 
1.45 percent, and commercial and industrial land 
together constitute 2.97 percent of the study area. 
Water bodies and commercial-recreational land 
together constitute less than 1 percent.

Undeveloped area. This study area (fig. 2E), 
also in eastern Suffolk County (fig. 1), encompasses 
48.9 mi2. Vacant land constitutes 61.94 percent of the 
area (fig. 2E and table 1), and open space and recre­ 
ational land constitutes 11.84 percent. The transporta­ 
tion and utilities category constitutes 10.07 percent of 
the area and is represented primarily by major trans­ 
portation corridors and an industrial plant in the north- 
central part of the study area. Agricultural and residen­ 
tial land constitute 7.82 and 5.61 percent of the area, 
respectively, and institutional land accounts for only 
1.72 percent Water bodies and commercial, commer­ 
cial-recreational, and industrial land together consti­ 
tute slightly less than 1 percent of the study area.

Population Density

The general distribution and density of population 
within the study areas, as indicated by the distribution 
and density of dwelling units, is shown in figures 3A 
through 3D. Population data were obtained in digital 
format from the U.S. Census Bureau and represent 
1985 totals. Population density for each study area was 
calculated as the population within each study area 
divided by the number of acres in each study area. The 
long-term-sewered suburban area (fig. 3A) is the most 
densely populated, with an average of 13.64 persons 
per acre, and more than 50 percent of the land contains 
five or more dwelling units per acre (fig. 3A). The 
recently sewered suburban area (fig. 3A) also is 
heavily residential; 58 percent of the area has five or

11
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Figure 3. Number of dwelling units per acre in the five study areas, Long Island, N.Y (Locations are shown in fig. 1. Data from
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more dwelling units per acre, but the population den­ 
sity averages only 9.69 persons per acre. The unsew- 
ered suburban area (fig. 3C) is less populated than the 
sewered areas; more than 51 percent of the area con­ 
tains fewer than 5 dwelling units per acre, and only 
0.11 percent of the area contains 5 or more dwelling 
units per acre (fig. 3C). The average population den­ 
sity in this area is 5.63 persons per acre. The agricul­ 
tural area (fig. 3B) is about 10 percent residential, but 
more than 8 percent of this is land with 4.99 or fewer 
dwelling units per acre. The average population den­ 
sity is 0.72 persons per acre. The undeveloped area 
(fig. 3D) is about 5.5 percent residential land, 
4.86 percent of which has 4.99 or fewer dwelling units 
per acre (fig. 3D). The average population density is 
only 0.53 persons per acre.

Hydrogeology

The Long Island aquifer system consists primarily 
of unconsolidated deposits of sand and gravel inter- 
bedded with layers of sandy clay, clayey sand, and silt 
of glacial, marine, and fluvial or deltaic origin (fig. 4). 
Cretaceous sediments unconformably overlie nearly 
impermeable crystalline bedrock and, like the bedrock, 
dip southeastward at about 65 ft/mi (McClymonds and 
Franke, 1972). Local erosion of Cretaceous sediments

NORTH

by streams and glaciers left an irregular surface of 
moderate relief upon which sediments of Pleistocene 
age were deposited. The following discussion of 
hydrogeology is limited to the Pleistocene upper gla­ 
cial (water-table) aquifer and the underlying Creta­ 
ceous Magothy aquifer because all wells sampled in 
this study were screened within these two units.

The upper glacial aquifer consists of material 
deposited by Pleistocene glaciers as terminal moraines. 
Some of this material was reworked by glacial meltwa- 
ter to form large outwash-plain deposits of stratified 
sand and gravel. Sediments that form the upper glacial 
aquifer are highly permeable and have an average hori­ 
zontal hydraulic conductivity of 270 fi/d and an esti­ 
mated average vertical hydraulic conductivity of 
27 ft/d (Franke and Cohen, 1972). Within Nassau and 
Suffolk Counties, the upper glacial aquifer is 50 to 
300 ft thick except where it extends into valleys carved 
into the underlying Magothy aquifer by rivers; glacial 
deposits that extend into these valleys reach thick­ 
nesses of 600 to 700 ft.

The Magothy aquifer consists of material depos­ 
ited in marine and fluvial or deltaic environments dur­ 
ing the Cretaceous Period. These deposits consist of 
beds and lenses of sandy clay, clayey sand, silt, and 
sand and gravel; the coarsest sediments generally are

SOUTH

ATLANTIC

Pleistocene deposits-c.*.  *'  *.  -'.-. «" ;.*. --0'

Matawan Group 
Magothy Formation 

undifferentiated

Figure 4. Diagrammatic geologic section of the Long Island aquifer system in Nassau County, N.Y (Modified from 
McClymonds and Franke, 1972, fig. 3.)
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within the basal 50 to 100 ft of the unit (Franke and 
Cohen, 1972; Soren and Simmons, 1987). The average 
horizontal hydraulic conductivity of the Magothy 
aquifer is estimated to be 50 ft/d (Franke and Cohen, 
1972); however, horizontal hydraulic conductivity can 
differ substantially from place to place according to 
the composition of the deposits (Soren and Simmons, 
1987). In Nassau and Suffolk Counties, the Magothy 
aquifer is 200 to 1,000 ft thick.

The downward flow of ground water from the 
upper glacial aquifer to the Magothy aquifer in the five 
study areas generally is not significantly restricted by 
confining units; but clay lenses within the upper part 
of the Magothy can restrict flow locally. Further dis­ 
cussions of the geology and hydrogeology of Long 
Island are given in Suter and others (1949), Isbister 
(1966), Perlmutter and Geraghty (1963), Swarzenski 
(1963), and Buxton and others (1981).

APPROACH AND METHODS

The approach used in this study is based on the 
premise that contamination of ground water by human 
activities can be considered a function of land use; that 
is, land uses determine the amounts and types of 
chemicals that are applied at land surface and, thus, 
the amounts and types of contaminants that reach 
ground water (Helsel and Ragone, 1984). The study 
entailed three procedures: (1) collection of water-qual­ 
ity data from a network of 207 wells, (2) classification 
of wells as shallow, intermediate, or deep, on the basis 
of estimated ground-water traveltimes from the water 
table to the midpoint of each well screen, and (3) sta­ 
tistical analyses of water-quality data.

Data Collection

Water samples were collected from June 1987 
through September 1988 from a network of wells 
within the five study areas (figs. 5, 6, and 7). Wells 
were chosen by a random-selection procedure, 
wherein a grid was superimposed over a map of each 
study area, and one well was selected from each grid 
cell (LeaMond and others, 1992). This procedure 
ensured uniform distribution of wells and collection of 
chemical data representative of ground-water quality 
in each depth zone of each study area. Wells in the 
intermediate depth zones of the unsewered suburban 
and undeveloped areas were sparse, and not every grid 
cell contained a well appropriate for this study; there­

fore, two wells outside the established study-area 
boundaries were included in the network (figs. 6C and 
6D).

Classification of wells as shallow, intermediate, or 
deep was based on the traveltime of ground water 
along vertical flow paths from the water table to the 
midpoint of each well screen to ensure that all wells 
within a given depth zone produced samples of similar 
age. Vertical flow rates were calculated from cell-to- 
cell flow rates by the regional ground-water-flow 
model of Long Island (H.T. Buxton and D.A. Smolen- 
sky, U.S. Geological Survey, written commua, 1990), 
which simulates ground-water flow under average 
steady-state conditions for 1968-75, a period in which 
precipitation rates were similar to long-term average 
rates and ground-water pumpage was steady (S.M. 
Feldman, U.S. Geological Survey, oral commun., 
1990). The vertical flow rates were then used to calcu­ 
late traveltimes along vertical flow paths from the 
water table to the midpoint of each well screen. 
Although this method does not address traveltimes 
through the unsaturated zone, unsaturated zone thick­ 
ness is statistically similar in four of the five areas, as 
discussed in appendix 4. Additionally, the steady-state 
simulation does not account for localized pumping, 
which would serve to decrease estimated traveltimes. 
Any wells indicated by modeling results to be in 
ground-water discharge areas were eliminated from 
the analysis. Shallow wells were classified as having 
estimated traveltimes of 10 years or less, intermediate 
wells as having estimated traveltimes of between 10 
and 100 years, and deep wells as having estimated 
traveltimes of 100 years or more.

In all, 83 shallow wells, 70 intermediate-depth 
wells, and 54 deep wells were sampled. Locations of 
shallow wells in each study area are shown in figure 5, 
those of intermediate-depth wells in figure 6, and 
those of deep wells in figure 7. The shallow zone was 
represented by 11 to 20 wells per study area, the inter­ 
mediate zone by 10 to 17 wells per study area, and the 
deep zone by 17 to 19 wells per study area. The agri­ 
cultural and undeveloped areas had no deep wells; the 
deepest wells in those areas were screened in the inter­ 
mediate zone. All wells sampled were screened only 
within the depth zone for which they were classified.

Of the 207 wells sampled, 57 percent were moni­ 
toring wells, 22 percent were public-supply wells, and 
21 percent were classified as "unspecified with­ 
drawal." Median screen length for monitoring wells 
was 5 ft; the 25th- and 75th-percentile screen lengths
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Figure 5. Locations of sampled wells screened in shallow zone of long-term sewered suburban area, recently sewered
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suburban area, agricultural area, unsewered area, and undeveloped area, Long Island, N.Y. (Locations are shown in fig. 1.)
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were 5 ft and 10 ft, respectively. Median screen length 
for public-supply wells was 61 ft; the 25th and 75th 
percentiles were 50 ft and 85 ft, respectively. The 
median screen length for unspecified withdrawal wells 
was 37.5 ft; the 25th and 75th percentiles were 20.5 ft 
and 51 ft, respectively. At each monitoring well, water 
levels were measured before pumping, and at least 
three casing volumes were evacuated; drawdown, spe­ 
cific conductance, pH, and temperature were allowed 
to stabilize before samples were collected. At each 
public-supply and unspecified-withdrawal well, at 
least three casing volumes of water were evacuated; 
measurements of specific conductance, pH, and tem­ 
perature were made before samples were collected.

Monitoring wells were evacuated and sampled 
with a 2-in.-diameter, stainless-steel submersible 
pump with 1/2-in. Teflon1 discharge tubing. The pump 
was placed 5 ft above the top of the well screen. At 
sites where the small-diameter pump was not adequate 
to evacuate the well, a 1-hp, seven-stage submersible 
pump with polyvinyl chloride (PVC) flush thread pipe 
and Teflon sampling tube was used (LeaMond and oth­ 
ers, 1992). The Teflon sampling tube was equipped 
with a smaller diameter Teflon variable-flow tube 
designed to minimize aeration and exposure of ground 
water to the atmosphere during sample collection and 
thereby minimize volatilization of certain organic 
compounds or escape of dissolved gases that may be 
present in the sample (LeaMond and others, 1992). At 
public-supply and unspecified-withdrawal wells, a 
1/2-in. Teflon sampling tube equipped with a smaller 
diameter Teflon variable-flow tube was fitted to the 
well in front of any pressure or holding tanks.

Dissolved oxygen was measured by the Winkler 
titration method (Brown and others, 1970) just before 
the water sample was collected from each well. Sam­ 
ples to be analyzed for dissolved metals and dissolved 
boron were filtered and acidified in the field with nitric 
acid (LeaMond and others, 1992). Analyses for inor­ 
ganic constituents (except boron) and VOC's were 
done by the Nassau County Department of Health; 
analysis for boron was done by the USGS National 
Water-Quality Laboratory.

^se of brand, trade, or firm names is for identification 
purposes only and does not constitute endorsement by the 
U.S. Geological Survey.

Statistical Techniques

Nonparametric statistical procedures and contin­ 
gency-table analyses were used to evaluate the effect 
of land use and depth on constituent concentrations. 
Nonparametric procedures, such as analysis of vari­ 
ance (ANOVA) on rank-transformed data, are robust 
in that they are insensitive to outlying values and 
assumptions of equal variance or normality (Helsel 
and Hirsch, 1992; Iman and Conover, 1983). Contin­ 
gency-table analyses are a means of evaluating highly 
censored data sets. Censored data sets contain values 
whose concentrations are reported as "less than the 
analytical detection limit."

These statistical procedures are used to assess 
whether water-quality data differ significantly among 
land-use and depth categories. Two-way factorial 
ANOVA's on rank-transformed water-quality data 
were used to examine the effect of land use and depth 
simultaneously. The null hypothesis for this test states 
that mean concentration ranks are identical among all 
land-use and depth groups; thus, neither land use nor 
depth, nor their interaction, has any effect. Rejection 
of the null hypothesis indicates that at least one mean 
concentration rank from the land-use and depth groups 
differs from the others and that the effect of land use or 
depth, or their interaction, is significant. If interaction 
is significant, then the effect of depth on mean-concen­ 
tration ranks differs among land-use areas; otherwise 
the effect of depth on mean-concentration ranks is 
identical in all study areas (Helsel and Hirsch, 1992). 
All ANOVA models evaluated in this study were 
unbalanced (unequal numbers of observations for dif­ 
ferent combinations of land use and depth); therefore, 
ANOVA models were expressed in the framework of 
linear models. This method is closely related to linear- 
regression techniques, in which categorical explana­ 
tory variables are represented as combinations of indi­ 
cator variables that take on values of 0 or 1 (Knopman, 
1990; SAS Institute Inc., 1988).

If the null hypothesis was rejected by the ANOVA 
test, indicating that at least one mean concentration- 
rank value differed from another, Tukey's honest sig­ 
nificant difference test (Tukey's test) was used to 
determine which means differed.

Contingency-table analyses were used to examine 
water-quality differences among study areas and depth 
zones for constituents whose censored values consti­ 
tuted more than 50 percent of the total values. Contin­ 
gency-table analyses do not evaluate the effects of
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multiple factors simultaneously; therefore, separate 
tests were done on land-use and depth data to evaluate 
their effects on constituent-detection rates. The null 
hypothesis tested was that the proportion of constitu­ 
ent detections was the same for each study area or 
depth zone; rejection of the null hypothesis indicates 
that the proportion of constituent detections differed 
among study areas or depth zones.

If a contingency-table analysis indicated that the 
proportion of samples in which a constituent was 
detected differed among study areas or depth zones, 
individual-cell chi-square statistics were examined to 
identify which areas or depth zones had more or less 
than the expected proportion of constituent detections. 
The positive or negative sign of the difference between 
the observed and expected frequencies indicates more 
or fewer detections than expected within that area or 
depth zone, and the magnitude of the chi-square statistic 
indicates which cells contribute most to the rejection of 
the null hypothesis (Helsel and Hirsch, 1992). For 
example, table 5 (p. 29) contains results from a contin­ 
gency-table analysis of sulfate-detection data from the 
shallow and intermediate zones of the five study areas. 
The difference between observed and expected detec­ 
tion frequencies indicates more sulfate detection in 
samples from the long-term-sewered, agricultural, and 
undeveloped areas than would be expected if all five 
areas were alike, and fewer detections than expected in 
samples from the recently sewered and unsewered 
areas. The magnitude of each cell's chi-square statistic 
indicates that the unsewered suburban area contributes 
the most toward rejection of the null hypothesis.

The level of significance (a) for all hypothesis test­ 
ing reported herein is 0.05. This corresponds to a 95- 
percent confidence level and describes the probability 
of rejecting the null hypothesis when it is true. Results 
of all hypothesis testing are reported as p-values 
(attained significance level). Null hypotheses were 
rejected if the p-value was below a significance level of 
0.05.

If contingency-table assumptions were violated  
that is, if a cell had an expected frequency of less than 
1.0, or if fewer than 80 percent of the cells had expected 
frequencies greater than or equal to 5.0 detection fre­ 
quencies were used to examine water-quality differ­ 
ences among land-use areas and depth zones.

Selected chemical constituents and physical prop­ 
erties are represented as box plots that indicate the 
median, the range and skewness, and the absence or 
presence of unusual "outside" or "far-outside" values

(Helsel and Hirsch, 1992). Summary statistics for 
water-quality data that contained "censored values" 
were calculated through a log-probability regression 
technique (Helsel and Hirsch, 1992), a robust proce­ 
dure that minimizes the root mean square error.

RELATION BETWEEN LAND USE AND 
QUALITY OF GROUND-WATER

Results of statistical tests to evaluate water-quality 
differences among land-use areas and depth zones are 
presented in the following sections; water-quality data 
are listed in appendixes 1 through 3. Summary statistics 
for selected inorganic constituents and field-measured 
properties are represented as box plots in figures 8 
through 12. Results of Tukey's test are displayed as cap­ 
ital letters above each plot to indicate which study areas 
or depth zones differ significantly from one another; 
plots with one or more letters in common have mean 
ranks that do not differ significantly from one another.

The effect that land use, depth, or their interaction 
have on the concentrations of selected constituents was 
evaluated through factorial ANOVA. When the effect of 
land use on constituent concentrations was evaluated, 
data from all depth zones of each land-use area were 
combined, and when the effect of depth on constituent 
concentrations was evaluated, data for that depth zone 
in each study area were combined. Results from the fac­ 
torial ANOVA's are presented in table 2 as p-values for 
the shallow and intermediate zones of all five study 
areas and in table 6 (p. 30) for all depth zones in the 
three suburban areas. A p-value less than 0.05 indicates 
a significant effect. Significant interaction between land 
use and depth indicates that the effect of depth differs 
among study areas; lack of significant interaction indi­ 
cates that the effect of depth is similar among areas.

When the majority of data for a constituent were 
censored, contingency tables with two rows and five 
columns (2-by-5) were used to evaluate the effect of 
land use on the proportion of constituent detections in 
samples from the shallow and intermediate zones of the 
five study areas, and 2-by-2 contingency tables were 
used to evaluate the overall effect of depth within the 
shallow and intermediate zones. The effect of land use 
and depth on the proportion of constituent detections in 
the shallow, intermediate, and deep zones of the three 
suburban areas was evaluated through use of 2-by-3 
contingency tables. Results of contingency-table analy­ 
ses are presented as p-values in table 4 (p. 29) and 8 
(p. 34). A p-value less than 0.05 indicates a significant
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effect on constituent detection rates. Observed and 
expected detection frequencies and chi-square statistics 
for each cell of a contingency table are presented in 
table 5 (p. 29) and 9 (p. 35).

Shallow and Intermediate Zones of All Study 
Areas

Differences in water quality among the five study 
areas are discussed only in relation to the shallow and 
intermediate zones because the agricultural and unde­ 
veloped areas contained no deep wells. The data are 
presented in figure 8, which represents each study area 
by two box plots one for shallow wells and one for 
intermediate-depth wells. Results of two-way 
ANOVA's on rank-transformed field measurements 
and constituent concentrations are presented in table 2; 
median concentration values for samples from each 
study area and the shallow and intermediate-depth 
zones are presented in table 3 (p. 26). Results from 
contingency-table analyses are presented in tables 4 
and 5 (p. 28-29).

Field-Measured Properties and Dissolved 
Oxygen

Specific conductance, dissolved-oxygen concentra­ 
tion, and temperature differed significantly among the 
study areas, and specific conductance, pH, and tempera­ 
ture differed significantly between the shallow and

Table 2. p-values from two-way factorial analysis of variance 
indicating the effect of land use, depth, and their interaction 
on rank-transformed values of physical properties and 
concentrations of inorganic constituents in the shallow and 
intermediate-depth zones of the five study areas

Property or 
constituent

Factor
Land use Depth interaction

Specific conductance 0.0001 0.0001 0.1090
pH .5155 .0270 .1121
Dissolved oxygen .0001 .2541 .1950
Temperature .0001 .0001 .0031
Dissolved solids .0001 .0001 .0981
Alkalinity .0023 .3118 .1070
Hardness .0001 .0001 .0354
Nitrate .0001 .0001 .0361
Phosphorus .3177 .7757 .9204
Silica (SiO^ .2885 .2374 .0755
Potassium .0001 .0001 .0071
Sodium .0001 .0001 .8183
Chloride .0002 .0001 .4011
Calcium .0001 .0001 .0541
Magnesium .0001 .0121 .0205

intermediate depth zones (table 2). Interaction between 
land use and depth was significant only for temperature.

Specific conductance. Specific conductance is a 
general indicator of the amount of dissolved solids in 
solution. The presence of dissolved ionic species such 
as chloride, calcium, potassium, and magnesium makes 
water conductive; as ionic concentration increases, spe­ 
cific conductance of ground water increases. Specific 
conductance was significantly affected by land use and 
depth (table 2). The highest median specific conduc­ 
tance (325 jJ,S/cm) resulted from the combination of 
shallow and intermediate-depth samples from the agri­ 
cultural area (table 3), but results of Tukey's test indi­ 
cate that the mean specific-conductance rank for this 
area does not differ significantly from those for the two 
sewered suburban areas (fig. 8A). The lowest median 
specific conductance (98 joS/cm) was for the combina­ 
tion of shallow and intermediate samples in the unde­ 
veloped area (table 3), but the mean specific- 
conductance rank for this area does not differ signifi­ 
cantly from that for the unsewered suburban area 
(fig. 8A). Elevated specific conductance within the 
agricultural and sewered suburban areas is due prima­ 
rily to the introduction of ionic species from (1) fertili­ 
zation of crops, lawns, and commercial recreational 
facilities such as golf courses; (2) discharge of effluent 
from cesspools, septic tanks, and leakage from sewer 
systems; and (3) application of deicing salts to roads.

Depth significantly affects specific conductance; 
samples from the shallow zone of all five areas com­ 
bined had a higher median value than those from the 
intermediate zone (tables 2 and 3). Some dissolved 
ionic species that contribute to the specific conductance 
of ground water can react physically or chemically with 
the aquifer substrate and subsequently be removed from 
solution; the resulting decrease in ionic concentrations 
will decrease the specific conductance of ground water. 
Additionally, dilution along flow paths by hydrody- 
namic dispersion and ionic diffusion can reduce spe­ 
cific conductance with depth.

pH. pH (the logarithm of the inverse of the 
hydrogen-ion activity) is a measure of the hydrogen-ion 
concentration in an aqueous solution. Depth was the 
only factor found to significantly affect pH (table 2); 
samples from the shallow zone of all five study areas 
had a lower median pH than those from the intermedi­ 
ate zone (table 3, p. 26). The increase in pH from the 
shallow to intermediate zone is greatest in the undevel­ 
oped area and least apparent in the agricultural and sub­ 
urban areas (fig. 8B); the smaller increase in pH with
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Table 3. Median physical-property values and inorganic-constituent concentrations, by study area and depth zone
[Locations are shown in fig. 1; uS/cm, microsiemens per centimeters at 25 degrees Celsius; mg/L, milligrams per liter, °C, degrees Celsius]

Study area (shallow and intermediate depths)

Property or constituent

Long-term 
sewered 
suburban

Recently 
sewered Unsewered 
suburban suburban Agricultural Undeveloped

Depth zone 
(all five areas)

Shallow Intermediate
Field-measured properties and dissolved oxygen
Specific

conductance (jiS/cm)
PH
Dissolved oxygen (mg/L)
Temperature (°C)

258

5.7
5.2

14.4

212

5.6
6.0

13.7

124

5.6
8.7

12.2

325

5.7
9.1

12.1

98

5.7
10.5
11.4

261

5.6
7.9

13.5

123

5.7
7.6

11.8
Alkalinity, hardness, and inorganic constituents (mg/L)
Dissolved solids
Alkalinity (as CaCQtf
Hardness (as CaCO3 )
Nitrate (as N)
Phosphorus
Silica (SiO2)
Potassium
Sodium
Chloride
Calcium
Magnesium

159
16
61
4.55

.02
10.3
2.2

17
31.2
18.5
3.7

133
9

48
4.78

.05
9.7
2.1

16
22.7
14.2
2.7

75
10
22

2.57
.04

8.4
1.4

11
13.6
5.3
2.8

193
12

102
7.48

.07
10.1
3.9
8

22.8
27.9

7.1

64
7.5

14
.08
.03

9.9
.7

5
8.2
3.6
1.2

159
12
61

5.25
.03

10.1
3.1

16
25.4
17
3.3

76
9

25
2.04

.04
9.7
1.0
8

11.9
6.0
2.4

depth in agricultural and suburban areas likely reflects 
the introduction of nitrogen in the form of ammonium, 
ammonia, or organic nitrogen to the ground-water sys­ 
tem through disposal of human wastes in cesspools 
and septic tanks, leaks from sewer systems, and 
through the application of fertilizers on commercial 
crops and lawns. The conversion of this nitrogen to 
nitrate through oxidation (nitrification) produces 
hydrogen ions, which lower the pH.

Dissolved oxygen. Oxygen is supplied to ground 
water through ground-water recharge and the move­ 
ment of air through the unsaturated zone. Dissolved- 
oxygen concentrations differed significantly among 
study areas (table 2). The highest median concentra­ 
tion (10.5 mg/L) resulted from the combination of 
shallow and intermediate-depth samples from the 
undeveloped area (table 3), but results of Tukey's test 
indicate that the mean concentration rank for this area 
does not differ significantly from those for the unsew- 
ered suburban or agricultural areas (fig. 8C). The low­ 
est median concentration (5.2 mg/L) resulted from the 
combination of shallow and intermediate-depth sam­ 
ples from the long-term sewered suburban area 
(table 3), but the mean concentration rank from this 
area was not significantly different from that for the

recently sewered suburban area (fig. 8C). Processes 
that can accelerate the depletion of dissolved oxygen 
within the sewered suburban areas include nitrification 
and increased bacterial activity. Nitrification of ammo­ 
nium introduced by cesspools, septic tanks, and sewer 
systems consumes dissolved oxygen. Additionally, 
dissolved organic carbon introduced from the same 
sources in suburban areas can fuel bacterial activity, 
which consumes dissolved oxygen.

Dissolved-oxygen concentrations were not found 
to differ significantly with depth (table 2); thus, the 
concentrations in the intermediate zone of all five 
study areas combined were similar to those in the shal­ 
low zone. The extent to which dissolved-oxygen con­ 
centrations can be maintained with depth depends in 
part on (1) the hydraulic properties of soils and aquifer 
materials through which ground water flows, and (2) 
the rate at which oxygen-depleting processes are 
occurring within the unsaturated and saturated zones 
of the aquifer. Elevated dissolved oxygen concentra­ 
tions in the intermediate zone indicate that (1) soils 
and aquifer materials in the five study areas are highly 
permeable, well drained, and subsequently well aer­ 
ated, and (2) processes that deplete dissolved oxygen 
(such as nitrification, bacterial activity, and oxidation

26 Relation Between Land Use and Quality of Shallow, Intermediate, and Deep Ground Water in Nassau and Suffolk



of organic matter) are insufficient to exhaust dissolved- 
oxygen supplies within the depths examined.

Water temperature. Land use, depth, and their 
interaction were found to significantly affect water 
temperature (table 2). The highest median temperature 
(14.4°C) resulted from the combination of shallow- 
and intermediate-depth samples from the long-term- 
sewered suburban area (table 3); but results of Tukey's 
test indicate that the mean rank for this area does not 
differ significantly from that of the recently sewered 
suburban area (fig. 8D). The lowest median tempera­ 
ture (11.4°C) resulted from the combination of shal­ 
low- and intermediate-depth samples from the 
undeveloped area (table 3); but the mean rank for this 
area did not differ significantly from that for the agri­ 
cultural area (fig. 8D).

Temperature in developed areas can be elevated 
through the absorption of heat from artificial surfaces 
(such as asphalt and concrete) by precipitation before 
infiltration and through the reinjection of warmed cool­ 
ing water at industrial and commercial facilities.

Depth significantly affected water temperature; 
samples from the shallow zone of all study areas had a 
higher median temperature than those from the inter­ 
mediate zone (tables 2 and 3). Additionally, the effect 
of depth on temperature differed significantly among 
the study areas (as illustrated in fig. 8D); median tem­ 
perature decreased from the shallow to the intermedi­ 
ate zone of each area except the long-term-sewered 
suburban area. This anomaly in the latter area is attrib­ 
uted to (1) the effects of greater local pumping in the 
long-term-sewered area than elsewhere, which causes 
water from the shallow zone to enter the cooler inter­ 
mediate zone at a greater rate than in the other areas, 
and (or) (2) industrial discharge of warmed cooling 
water into the intermediate-depth zone of the long- 
term-sewered suburban area.

Alkalinity, Hardness, and Inorganic Constituents

Concentrations of dissolved solids, alkalinity, 
hardness, nitrate, potassium, sodium, chloride, cal­ 
cium, and magnesium differed significantly among 
study areas and, except for alkalinity, differed signifi­ 
cantly between depth zones (table 2). Interaction 
between the effects of land use and depth were found 
to be significant for hardness, nitrate, potassium, and 
magnesium (table 2).

Dissolved-solids concentration is a measure of all 
the dissolved materials in a sample and is strongly cor­

related with a sample's specific conductance. As ionic 
concentrations increase, dissolved-solids concentration 
and specific conductance increase. Hardness is a prop­ 
erty of water imparted by several cations, predomi­ 
nantly calcium and magnesium (Hem, 1989). Hardness 
is expressed herein in terms of an equivalent concen­ 
tration of calcium carbonate. Nitrate is a common com­ 
ponent of fertilizers and also is a component of human 
wastes discharged to cesspools, septic tanks, and sewer 
systems. Potassium, calcium, and magnesium are com­ 
ponents of fertilizer products and of many common 
household cleaning products.

Dissolved solids, hardness, nitrate .potassium, cal­ 
cium, and magnesium. The highest median concen­ 
trations of dissolved solids (193 mg/L), hardness 
(102 mg/L), nitrate (7.48 mg/L), potassium (3.9 mg/L), 
calcium (27.9 mg/L), and magnesium (7.1 mg/L) 
resulted from the combination of shallow- and interme­ 
diate-depth samples from the agricultural area, and the 
lowest resulted from the combination of shallow- and 
intermediate-depth samples from the undeveloped area 
(table 3). Results of Tukey's test indicate that the mean 
ranks for these constituents in the agricultural area do 
not differ significantly from those in one or more of the 
suburban areas, except for potassium, whose mean 
rank for the agricultural area is significantly higher 
than those for all other study areas (fig. 8E, 8F, 8G, 8H, 
81, and 8J). Elevated concentrations of these constitu­ 
ents in the agricultural and suburban areas is due pri­ 
marily to their introduction through (1) fertilization of 
crops, lawns, and commercial recreational facilities 
such as golf courses, and (2) discharge of effluent from 
cesspools and septic tanks, and leakage from sewer 
systems.

Depth significantly affected concentrations of dis­ 
solved solids, hardness, nitrate, potassium, calcium, 
and magnesium; samples from the shallow zones of all 
five study areas combined had higher median concen­ 
trations than those from the intermediate-depth zone 
(tables 2 and 3). Additionally, the effect of depth dif­ 
fered significantly among the study areas for each of 
these constituents except dissolved solids and calcium 
(figs. 8F, 8G, 8H, 8J); median concentrations in the 
intermediate zone were lower than in the shallow zone 
in all but the undeveloped area. This pattern is attrib­ 
uted to the introduction of these constituents in the sub­ 
urban and agricultural areas as fertilizer and as effluent 
from cesspools and septic tanks. The absence of signif­ 
icant interaction for dissolved solids is illustrated in
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figure 8E, where median concentrations are shown to 
decrease from the shallow to intermediate-depth zone 
of each study area. Because the p-value of 0.054 for 
the effect of interaction on calcium concentration (fig. 
81) was greater than 0.05, this effect is reported as not 
significant.

Alkalinity, sodium, and chloride. Alkalinity is a 
measure of the acid-neutralizing capacity of a water 
sample and is measured through titration of a sample 
with acid. In the absence of other acid-neutralizing 
constituents, alkalinity is the sum of the equivalents of 
carbonate and bicarbonate. Water from wells on Long 
Island generally contains only negligible amounts of 
weak acids other than carbonate species; thus, the 
alkalinity arises almost entirely from carbonate and 
bicarbonate (inorganic carbon) (Pearsall and Aufder- 
heide, 1994).

The highest median concentration for alkalinity 
(16 mg/L as CaCO3), sodium (17 mg/L), and chloride 
(31.2 mg/L) resulted from the combination of shallow- 
and intermediate-depth samples in the long-term-sew­ 
ered suburban area (table 3). Results of Tukey's test 
indicate that (1) alkalinity concentrations in the long- 
term-sewered suburban area did not differ significantly 
from those in the unsewered suburban area or the agri­ 
cultural area (fig. 8K), (2) sodium concentrations were 
similar among all three suburban areas (fig. 8L), and 
(3) chloride concentrations in the long-term-sewered 
suburban area did not differ significantly from those in 
the recently sewered suburban or agricultural areas 
(fig. 8M). The lowest median concentrations for these 
constituents resulted from the combination of shallow- 
and intermediate-depth samples from the undeveloped 
area (table 3); but results of TXikey's test indicate that 
(1) the mean rank of alkalinity for the undeveloped 
area does not differ significantly from those for the 
recently sewered or unsewered suburban areas 
(fig. 8K), (2) the mean rank of sodium for the undevel­ 
oped area does not differ significantly from that for the 
agricultural area (fig. 8L), and (3) the mean rank of 
chloride for the undeveloped area does not differ sig­ 
nificantly from that for the unsewered area (fig. 8M). 
Elevated alkalinity concentrations in suburban areas 
can result from the generation of CO2 during the bac­ 
terial consumption of organic wastes from cesspools, 
septic tanks, and leaking sewer lines.

Sodium and chloride concentrations were elevated 
in the suburban areas and, to a lesser degree, in the 
agricultural and undeveloped areas. This is attributed

mainly to the use of road-deicing salts. These com­ 
pounds are also found in common household cleaning 
products and can be a component of cesspool and sep­ 
tic-tank effluents. Recycling of irrigation water in the 
agricultural area also can elevate sodium and chloride 
concentrations.

Depth significantly affected concentrations of 
sodium and chloride; samples from the shallow zones 
of all five study areas combined had a higher median 
concentration than those from the intermediate-depth 
zone (tables 2 and 3). Interaction was not found to be 
significant for sodium and chloride; this indicates that 
the effect of depth on sodium and chloride concentra­ 
tions was similar in each study area (table 2).

Phosphorus, silica, fluoride, and orthophospho- 
rus. Concentrations of phosphorus and silica were not 
significantly affected by land use, depth, or their inter­ 
action (table 2 and fig. 8E). Detections of fluoride and 
orthophosphorus were infrequent, and their concentra­ 
tions were low in samples from both depth zones of all 
five study areas (appendixes 1A and IB).

Sulfate. Contingency-table analyses to test for a 
difference in the proportion of sulf ate detections among 
samples from the five study areas and two depth zones 
indicate significant differences among study areas and 
the two depth zones (table 4). The direction of the dif­ 
ference between the observed and expected detection 
frequencies and the magnitude of each contingency- 
table cell's chi-square statistic indicate that detections 
of sulfate in samples from both depth zones of the long- 
term-sewered suburban and agricultural areas were 
more numerous than would be expected if all study 
areas were alike, and detections in samples from both 
zones of the unsewered area were less numerous; there­ 
fore, sulfate seems to be more prevalent in the long- 
term-sewered suburban and agricultural areas than in 
the unsewered suburban area (table 5). The frequency

Table 4. p-values from contingency-table analyses indicating 
the effect of land use and depth on the proportion of constit­ 
uent detections in samples from shallow and intermediate 
depth zones of the five study areas
[<, less than;  , analysis not done]

Constituent
Sulfate 
Dissolved iron 
Dissolved manganese 
Dissolved boron

Factor
Land use Depth
<0.001 <0.001 

.018 .285 
<.001 .005 

<.001
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of sulfate detections in samples from both depth zones 
of each study area ranged from 91 percent in the agri­ 
cultural area to 46 percent in the unsewered suburban 
area (appendixes 1A and IB). Elevated sulfate concen­ 
trations in the agricultural area result from the applica­ 
tion of fertilizers. The highest sulfate concentration of 
all five study areas was in the intermediate zone of the 
agricultural area (920 mg/L) (appendix IB). Elevated 
sulfate concentrations in suburban areas are attributed 
to the application of lawn and garden fertilizers and 
effluent from cesspools, septic tanks, and leaking sewer 
systems. Although sulfate was detected frequently in 
both zones of the undeveloped area (79 percent), con­ 
centrations in this area were lower than elsewhere 
(appendixes 1A and IB). Sulfate detections in samples 
from the shallow zone of all five study areas combined 
were more numerous than would be expected if the 
shallow and intermediate-depth zones were alike; there­ 
fore, sulfate seems to be more prevalent in the shallow 
zone (table 5).

Trace Elements

Iron and manganese. Results of contingency- 
table analyses for dissolved iron and manganese indi­ 
cate that (1) the proportions of detections of each con­ 
stituent in samples from both depth zones differ 
significantly among study areas, and (2) the proportion 
of detections of dissolved manganese in samples from 
the shallow zone of all five areas differs significantly 
from that of samples from the intermediate zone 
(table 4). The direction of the difference between the 
observed and expected detection frequencies and the 
magnitude of each contingency-table cell's chi-square 
statistic for dissolved iron indicates that detections of 
iron in samples combined from the shallow and inter­ 
mediate-depth zone of the agricultural area were much 
more numerous than would be expected if all study 
areas were alike, and detections in samples from the 
undeveloped area were much less numerous; therefore, 
iron seems to be more prevalent in the agricultural area 
than in the undeveloped area (table 5). The direction of 
the difference between observed and expected frequen­ 
cies and the magnitude of each contingency-table cell's 
chi-square statistic for dissolved manganese indicates 
that detections of manganese in samples combined 
from both depth zones of the agricultural and recently 
sewered suburban areas were much more numerous 
than would be expected if all study areas were alike and 
that detections in the long-term-sewered suburban and

Table 5. Contingency-table analyses showing 
individual-cell observed detection frequencies, expected 
detection frequencies, and chi-square statistics for 
selected constituents, by study area and depth zone
[<, less than]

Observed and 
expected 
detection 
frequency 
and chi- 
square 
statistic

Constituent detection

Sulfate

Yes No

Dissolved 
iron

Yes No

Manganese

Yes No

STUDY AREA

Long-term sewered suburban

Observed

Expected

Chi-square
statistic

29

24.16

.97

4

8.84

2.65

11
11.86

.06

22

21.14

.03

4

10.74

4.23

28

21.26

2.13

Recently sewered

Observed

Expected

Chi-square
statistic

27

27.08

<.oo

10

9.91

<.oo

17

13.30

1.03

20

23.70

.58

20

12.41

4.63

17

24.59

2.34

Unsewered suburban

Observed

Expected

Chi-square
statistic

Agricultural

Observed

Expected

Chi-square
statistic

Undeveloped

Observed

Expected

Chi-square
statistic

17

27.08

3.75

20

16.10

.94

19

17.57

.12

20

9.91

10.26

2

5.89

2.57

5

6.43

.32

10

13.30

.82

13

7.91

3.28

4

8.63

2.48

27

23.70

.46

9

14.09

1.84

20

15.37

1.39

12

12.41

.01

13

7.38

4.28

2

8.05

4.55

25

24.59

.01

9

14.62

2.16

22

15.95

2.30

DEPTH ZONE

Shallow

Observed

Expected

Chi-square
statistic

Deep

Observed

Expected

Chi-square

73

60.76

2.47

39

51.24

10

22.24

6.74

31

18.76

74

63.55

1.72

43

53.46

8

18.46

5.93

26

15.54

36

27.85

2.38

15

23.15

47

55.15

1.20

54

45.85

statistic 2.92 7.99 2.05 7.05 2.87 1.45
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undeveloped areas were much less numerous; there­ 
fore, manganese seems to be more prevalent in the agri­ 
cultural and recently sewered suburban areas than in the 
undeveloped area (table 5). Elevated concentrations of 
dissolved iron and manganese in the agricultural area 
are probably not derived from human-related sources. 
Examination of appendix 2A indicates that detection 
frequencies and concentrations of dissolved iron and 
manganese are much greater in samples from the agri­ 
cultural area than those from the other areas. Soren and 
Stelz (1984) indicate that interstadial clay beds seem to 
be continuous within the agricultural area and that 
depth to the top of the clay beds is 40 to 50 ft. These 
clay beds could be the cause of localized anoxic envi­ 
ronments in the shallow zone of the agricultural area 
that result in elevated concentrations of dissolved iron 
and manganese. Additionally, detections of manganese 
in samples from the shallow zone of all five areas are 
more numerous than would be expected if the shallow 
and intermediate zones were alike; therefore, manga­ 
nese is probably more prevalent in the shallow zone 
(table 5).

Boron. The percentages of boron detections in 
samples from both depth zones of each study area 
ranged from 100 percent in the agricultural area to 
about 59 percent in the unsewered suburban area 
(appendixes 2 A and 2B). Sources of boron in the subur­ 
ban and agricultural areas include fertilizers and laun­ 
dry detergents that are introduced to the ground-water 
system through septic-tank and cesspool effluent. 
Although boron was detected frequently in samples 
from both depth zones of the undeveloped area 
(82 percent), concentrations in this area were lower 
than elsewhere (appendixes 2A and 2B).

A contingency-table analysis to evaluate the effect 
of depth on boron detection revealed a significant dif­ 
ference between shallow and intermediate zones of all 
five study areas (table 4). The direction of the differ­ 
ence between observed and expected detection frequen­ 
cies and the magnitude of each contingency-table cell's 
chi-square statistic (table 5) indicates that detections of 
boron in the shallow zone were more numerous than 
would be expected if both depth zones were alike; 
therefore, boron seems to be more prevalent in the shal­ 
low zone. Boron is a conservative constituent (that is, it 
does not react readily with the aquifer substrate); there­ 
fore, the apparent decrease in detection frequency with 
depth is attributed to dilution through hydrodynamic 
dispersion and ionic diffusion along flow paths.

Other trace elements. Detections of barium, cad­ 
mium, chromium, copper, methylene blue active sub­ 
stances (MBAS), and lead were infrequent, and 
concentrations in samples from both depth zones of all 
study areas were low. Arsenic, mercury, selenium, and 
silver were not detected in any samples (appendixes 2A 
and 2B).

All Depth Zones of the Three Suburban Areas

Water-quality differences among the shallow, inter­ 
mediate, and deep zones of the aquifer system are dis­ 
cussed only in relation to the three suburban areas in 
this section because the agricultural and undeveloped 
areas have no deep wells. Water-quality data are pre­ 
sented in figures 9 through 12, which contain three box 
plots for each area one for shallow wells, one for 
intermediate-depth wells, and one for deep wells. 
Results of two-way factorial ANOVA's on rank-trans­ 
formed field-measured properties and constituent con­ 
centrations are presented in table 6; median concentra­ 
tion values for samples from the three suburban areas 
and the three depth zones are presented in table 7; and 
results from contingency-table analyses are presented 
in tables 8 and 9 (p. 34-35). VOC detection frequencies 
are presented as bar charts in figure 13 (p. 40). Data 
given in this section allow interpretation of the effect of 
sewering on ground-water quality in suburban areas of 
Nassau and Suffolk Counties.

Table 6. p-values from two-way factorial analysis of variance 
indicating the effect of land use, depth, and their interaction 
on rank-transformed values of physical properties and 
concentrations of inorganic constituents in all three depth 
zones of the three suburban study areas

Property or 
constituent

Factor
Land use Depth Interaction

Specific conductance 0.0001 0.0001 0.1891
pH .2089 .5139 .2872
Dissolved oxygen .0001 .3012 .0089
Temperature .0001 .0001 .0035
Dissolved solids .0001 .0001 .2869
Alkalinity .0002 .0048 .6818
Hardness .0001 .0001 .4490
Nitrate .0140 .0001 .0903
Phosphorus .4701 .8555 .1065
Silica (SiO^ .0001 .4368 .2487
Potassium .0001 .0001 .0062
Sodium .0004 .0001 .3682
Chloride .0001 .0001 .3668
Calcium .0001 .0001 .8068
Magnesium .0001 .0121 .0199
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Table 7. Median physical-property values and inorganic-constituent concentrations in all three 
depth zones of the three suburban areas

[Locations are shown in fig. 1; jlS/cm, microsiemens per centimeters at 25 degrees Celsius; mg/L, milligrams per liter, 
°C, degrees Celsius]

Study area (shallow, intermediate, 
and deep wells) Depth zone

Long-term Recently
sewered sewered Unsewered

Property or constituent suburban suburban suburban Shallow Intermediate Deep
Field-measured properties and dissolved oxygen
Specific 

conductance (jiS/cm)
198 143 89 268 123 67

PH
Dissolved oxygen (mg/L)
Temperature (°C)

5.7
5.6

13.4

5.6
6.8

12.6

5.6
8.3

11.6

5.6
6.9

14.2

5.6
6

12.4

5.7
7.1

12.1
Alkalinity, hardness, and inorganic constituents (mg/L)
Dissolved solids
Alkalinity (as CaCO3)
Hardness (as CaCC^)
Nitrate (as N)
Phosphorus
Silica (SiO2)
Potassium
Sodium
Chloride
Calcium
Magnesium

123
16
52
4.42

.03
10.6

1.5
14
19.7
12.6
3.7

89
8

35
4.17

.03
9.1
1.0

10.5
14.7
9.2
2.6

57
10
18

1.62
.04

7.7
.8

7.5
10.2
4.1
1.9

161
14
61

5.64
.03

10.6
3

19.5
29.1
17.1
3.3

72
9

25
2.33

.04
9.4

.8
10
15.1
5.9
2.2

41
8

14
2.28

.04
8.8

.7
5
6.9
3.3
1.5

Field-Measured Properties and Dissolved 
Oxygen

Specific conductance, dissolved-oxygen concen­ 
tration, and temperature differed significantly among 
the three suburban areas, and specific conductance and 
temperature differed significantly among depth zones 
(table 6). Interaction between land use and depth was 
found to be significant for dissolved oxygen and tem­ 
perature (table 6).

Specific conductance. The highest median spe­ 
cific conductance value (198 uS/cm) resulted from the 
combination of samples from all three depth zones of 
the long-term sewered suburban area, and the lowest 
resulted from this combination in the unsewered subur­ 
ban area (table 7 and fig. 9). Elevated specific conduc­ 
tance in samples from the long-term-sewered suburban 
area reflects the longer period of development and 
greater loading rates of many contaminants there than 
in the other suburban areas. Depth was found to affect 
specific conductance significantly; samples from the 
shallow zone of all three suburban areas combined had 
the highest median value, and samples from the deep 
zone had the lowest (table 7 and fig. 10).

Water temperature. Temperature was signifi­ 
cantly affected by land use, depth, and their interaction 
(table 6). The highest median temperature (13.4°C) 
resulted from the combination of samples from all three 
depth zones of the long-term-sewered area, and the low­ 
est resulted from this combination in the unsewered 
area (table 7 and fig. 9). Samples from the shallow zone 
of all three suburban areas had the highest median, and 
samples from the deep zone had the lowest (table 7 and 
fig. 10). Additionally, significant interaction between 
land use and depth indicates that the effect of depth on 
temperature differs among the three suburban areas. 
This is illustrated in figure 9, which shows median tem­ 
peratures to decrease from the shallow to intermediate- 
depth zones in the recently sewered and unsewered 
areas but not in the long-term-sewered area. As men­ 
tioned previously, this difference is attributed to (1) the 
effects of local pumping, which accelerates the vertical 
flow of ground water in the long-term-sewered area 
more than in the other suburban areas, and (or) (2) 
industrial discharge of warmed cooling water to the 
intermediate zone.

pH. pH was not significantly affected by land use, 
depth, or their interaction (table 6 and fig. 9).
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Figure 9. Distribution of physical-property values in water samples from all three depth zones in each suburban area, Long 
Island, N.Y.

Dissolved oxygen. Dissolved-oxygen concentra­ 
tions differed significantly among suburban areas, and 
interaction between land use and depth was found to be 
significant (table 6). The highest median concentration 
of dissolved oxygen (8.3 mg/L) resulted from the com­ 
bination of samples from all depth zones of the unsew- 
ered suburban area, and the lowest was from this 
combination in the long-term-sewered suburban area 
(table 7). Results of Tukey's test indicate that the mean

concentration rank for dissolved oxygen in the long- 
term-sewered suburban area does not differ significantly 
from that of the recently sewered area (fig. 9). Nitrogen 
and dissolved organic carbon introduced historically by 
dense networks of cesspools and septic tanks in the sew­ 
ered suburban areas, in addition to the continued loading 
of effluent from leaking sewer lines, results in depleted 
dissolved-oxygen concentrations in these areas by fuel­ 
ing such processes as nitrification and bacterial activity.
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Figure 10. Distribution of physical-property values and inorganic-chemical concentrations in all three depth zones in the three 
suburban areas combined, Long Island, N.Y.

Dissolved-oxygen concentrations were not found 
to differ significantly with depth; this finding indicates 
that samples from the shallow zone of each study area, 
combined, do not differ significantly from those of the 
intermediate or deep zones. As mentioned previously, 
elevated dissolved-oxygen concentrations in the inter­ 
mediate and deep zones indicate that (1) soils and aqui­ 
fer materials in the suburban study areas are highly

permeable and well drained and thus are well aerated, 
and (2) processes that deplete dissolved oxygen, are 
insufficient to exhaust dissolved-oxygen supplies 
within depths examined. Significant interaction 
between land use and depth indicates that the effect of 
depth on dissolved-oxygen concentration differs among 
the suburban study areas (table 6). This pattern is illus­ 
trated in figure 9, which shows median dissolved-
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oxygen concentrations to decrease from the shallow to 
the intermediate zone of the long-term-sewered area but 
to increase or remain constant with depth in the recently 
sewered and unsewered areas.

Alkalinity, Hardness, and Inorganic Constituents

Concentrations of alkalinity, hardness, and all inor­ 
ganic constituents listed in table 6 (except phosphorus) 
differed significantly among study areas, and concentra­ 
tions of all except phosphorus and silica differed signif­ 
icantly among depth zones. Interaction between land 
use and depth was significant for potassium and magne­ 
sium (table 6).

The highest median concentration for each of these 
constituents (except phosphorous) resulted from the 
combination of samples from all three depth zones of 
the long-term-sewered suburban area, and the lowest 
(except for phosphorous and alkalinity) resulted from 
the combination of samples from all three depth zones 
of the unsewered suburban area (table 7). Results of 
Tukey's test indicate that mean concentration ranks for 
alkalinity, hardness, silica, potassium, calcium, and 
magnesium in the long-term-sewered area are signifi­ 
cantly higher than those in the other suburban areas 
(fig. 11), whereas mean concentration ranks for dis­ 
solved solids, sodium, and chloride are not significantly 
different from those in the recently sewered area 
(fig. 11). The statistical similarity of concentrations of 
dissolved solids, sodium, and chloride in the two sew­ 
ered suburban areas probably reflects similar applica­ 
tion rates of road-deicing salts in the two areas.

Depth significantly affected concentrations of dis­ 
solved solids, alkalinity, hardness, and all inorganic 
constituents except phosphorous and silica (table 6). 
The highest median concentration of all constituents 
(except phosphorus) resulted from the combination of 
samples from the shallow zone of all three areas, and 
the lowest (except phosphorus) resulted from the com­ 
bination of samples from the deep zone of all three 
areas combined (table 7). Tukey's test results indicate 
that the mean concentration ranks for the combination 
of samples from the shallow zone of all three areas were 
significantly higher than those of samples from the 
intermediate or deep zones for dissolved solids, alkalin­ 
ity, hardness, nitrate, sodium, chloride, and calcium 
(fig. 12). Elevated concentrations of these constituents 
in the shallow zone indicate the continued loading of 
contaminants from nonpoint sources in sewered and 
unsewered areas.

The effect of depth on potassium and magnesium 
concentrations differed significantly among the study 
areas (fig. 11); the decrease in median concentrations 
with depth was greater in the recently sewered and 
unsewered areas than in the long-term-sewered area. 
This pattern is attributed to the longer period of devel­ 
opment within the long-term-sewered area and to the 
effects of local pumping, both of which have resulted in 
a greater vertical migration of ground water within the 
long-term-sewered area than in the other suburban 
areas.

Neither land use nor depth, nor their interaction 
were found to significantly affect phosphorus concen­ 
trations (table 6 and fig. 11), and detections of fluoride 
and orthophosphorus were infrequent, and the concen­ 
trations were low, in samples from all three depth zones 
of all three suburban areas (appendixes 1A-1C).

Contingency-table analyses were done to test for a 
difference in the proportion of sulfate detections among 
samples from the three study areas and three depth 
zones. Results indicate that the proportion of sulfate 
detection in samples from all three depth zones differed 
significantly among study areas (table 8). The direction 
of the difference between observed and expected fre­ 
quencies and the magnitude of each contingency-table 
cell's chi-square statistics for sulfate indicate that detec­ 
tions of sulfate in samples from all three depth zones of 
the long-term-sewered area were more numerous than 
would be expected if all three suburban areas were 
alike, and that detections in all three zones of the 
unsewered area were less numerous than would be 
expected; therefore, sulfate seems to be most prevalent 
in the long-term-sewered area, and least prevalent in 
the unsewered area (table 9). The frequency of sulfate 
detection in samples from all three depth zones of each

Table 8. p-values from contingency-table analyses 
indicating the effect of land use and depth on the proportion 
of constituent detections in samples from all three depth 
zones of the three suburban areas

[<, less than;  , analysis not done]

Constituent
Sulfate
Dissolved iron
Dissolved manganese
Dissolved boron
Dissolved copper
1,1,1 -Trichloroethane
Tetrachloroethylene
Trichloroethylene

Factor
Land use
<0.001

.263

.002

.049

.235

.078

.001

.097

Depth
<0.001

.096
<.001
<.001
--
<.001

.950

.524
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suburban study area ranged from 82 percent in the long- 
term-sewered area to 38 percent in the unsewered area. 
The greater frequency of sulfate detection for the long- 
term-sewered area, which is the most densely popu­ 
lated, reflects the greater (1) applications of lawn and 
garden fertilizers, and (2) loading of effluent from cess­ 
pools, septic tanks, and leaking sewer lines, than else­ 
where. Detections of sulfate in the shallow zone of all 
three suburban areas were more numerous than would 
be expected if all three depth zones were alike, and 
detections in the deep zone were less numerous than 
would be expected; therefore, sulfate seems to be most 
prevalent in the shallow zone and least prevalent in the 
deep zone (table 9).

Trace Elements

Results of contingency-table analyses for dis­ 
solved boron and manganese indicate that the propor­ 
tion of detections differed significantly among study 
areas and among depth zones (table 8).

Manganese. The direction of the difference 
between observed and expected detection frequencies 
and the magnitude of each contingency-table cell's 
chi-square statistic for dissolved manganese indicate 
that detections of manganese in samples from all depth 
zones of the recently sewered area were more numer­ 
ous than would be expected if all three suburban areas 
were alike, and that detections for all depth zones of

Table 9. Contingency-table analyses showing individual-cell observed detection frequencies, expected 
detection frequencies, and chi-square statistics for selected constituents, by study area and depth zone 
[Dashes indicate no analysis performed]

Constituent detection
Observed and 

expected detection 
frequency and chi- 

square statistic

Sulfate

Yes No

Dissolved 
manganese

Yes No

Dissolved Tetra- 
boron chloroethene

Yes No Yes No

1,1,1- 
Trichloroethane

Yes No

STUDY AREA

Long-term sewered suburban
Observed
Expected

Chi-square statistic

Recently sewered
Observed
Expected
Chi-square statistic

Unsewered suburban
Observed
Expected
Chi-square statistic

42

29.64

5.15

30

31.39

.06

21

31.97

3.76

9

21.36

7.15

24

22.61

.08

34

23.03

5.22

5

11.95

4.04

21

12.91

5.08

12

13.14

.10

45

38.05

1.27

33

41.09

1.59

43

41.85

.03

35

29.51

1.02

32

30.67

.06

25

31.82

1.46

16 17 34

21.49 10.58 40.41

1.40 3.89 1.02

21 13 39

22.33 10.79 41.21

.08 .45 .12

30 3 53

23.18 11.62 44.23

2.01 6.40 1.67

 
~
~

 
-
-

 
 
-

DEPTH ZONE

Shallow

Observed
Expected
Chi-square statistic

Intermediate
Observed
Expected
Chi-square statistic

Deep
Observed
Expected
Chi-square statistic

53

34.87

9.42

20

27.32

1.96

20

30.81

3.79

7

25.12

13.07

27

19.68

2.72

33

22.19

5.26

27

14.34

11.18

9

10.99

.36

2

12.67

8.98

33

45.66

3.51

37

35.01

.11

51

40.33

2.82

52

34.14

9.34

24

27.19

.37

16

30.67

7.01

7

24.86

12.83

23

19.80

.51

37

22.33

9.63

25 34

15.96 43.04

5.13 1.90

13 33

12.44 33.56

.02 .01

5 49

14.60 39.40

6.31 2.34

35
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the long-term-sewered area were less numerous than 
would be expected; therefore, manganese seems to be 
most prevalent in the recently sewered area and least 
prevalent in the long-term sewered area (table 9). 
Additionally, detections of manganese in samples from 
the shallow zone of all three suburban areas were more

numerous than would be expected if all depth zones 
were alike, and detections in samples from the deep 
zones were less numerous than would be expected; 
therefore, manganese seems to be most prevalent in the 
shallow zone and least prevalent in the deep zone 
(table 9).

^ 400-

<2 300-

200 -

DISSOLVED SOLIDS

1,000 q
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 1 O
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onn200

HARDNESS, as CaCO3 

|A|       |B|       |B|

SHALLOW INTERMEDIATE DEEP SHALLOW INTERMEDIATE DEEP SHALLOW INTERMEDIATE DEEP

20 -

5 -

SHALLOW INTERMEDIATE DEEP

160

w 120-

40 -

SHALLOW INTERMEDIATE DEEP

250

200 -

52 150 -I

100 -

50 -

SHALLOW INTERMEDIATE DEEP

60 -

40 -

20 -

SHALLOW INTERMEDIATE DEEP

75th Percentile

Interquartile 
range (I.Q.R.)

25th Percentile

EXPLANATION

Median Values within 1.5 
times the I.Q.R.

Result of tukey's honest 
significant difference test. 
Groups of data with common 
letters are not significantly 
different

Outlier (beyond 3.0 
times the I.Q.R.)

Outlier (1.5 to 3.0 times 
the I.Q.R.)

Figure 12. Distribution of inorganic-chemical concentrations in water samples from all three depth zones of the three 
suburban areas combined, Long Island, N.Y
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Boron. The direction of the difference between 
observed and expected detection frequencies and the 
magnitude of each contingency-table cell's chi-square 
statistic for dissolved boron indicates that detections 
of boron in samples from all three zones of the long- 
term-sewered area were more numerous than would be 
expected if all three suburban areas were alike, and 
that detections for all three zones of the unsewered 
area were less numerous than would be expected; 
therefore, boron seems to be most prevalent in the 
long-term-sewered area and least prevalent in the 
unsewered area (table 9). Additionally, detections of 
boron in samples from the shallow zone of all three 
suburban areas were more numerous than would be 
expected if all three depth zones were alike, and the 
detections for the deep zone of all three areas were less 
numerous than would be expected; therefore, boron 
seems to be most prevalent in the shallow zone and 
least prevalent in the deep zone (table 9).

Dissolved iron and dissolved copper. Contin­ 
gency-table analyses for dissolved iron and dissolved 
copper indicate that the proportions of detection of 
these constituents in samples from all three depth 
zones do not differ significantly among the three areas 
and that the proportions of dissolved iron detection 
does not differ significantly with depth (table 8).

Other trace elements. Detection of barium, cad­ 
mium, chromium, MBAS, and lead was infrequent, 
and concentrations were low, in samples from all three 
depth zones of all suburban areas (appendixes 2A-2C). 
Arsenic, mercury, selenium, and silver were not 
detected in any of these samples (appendixes 2A-2C).

Volatile Organic Compounds

Volatile organic compounds (VOC's) were 
detected only in the suburban areas, except chloro­ 
form, which was detected in three samples 
(23 percent) from the intermediate zone of the unde­ 
veloped area. The following discussion, therefore, 
addresses the detection and spatial distribution of 
VOC's only within the suburban areas.

VOC's were detected in 40 percent of the samples 
from the suburban areas. Of the samples from the 
long-term-sewered area, about 55 percent contained 
VOC's, as did 43 percent of those from the recently 
sewered area and 23 percent of those from the unsew­ 
ered area. The most commonly detected VOC's and 
their maximum concentrations were 1,1,1-trichloroet-

hane (TCA) 12,000 ^g/L; trichloroethene (TCE) 
660 ^g/L; tetrachloroethene (PCE) 280 ^g/L; 1,1- 
dichloroethane 34 mg/L; and 1,2-frans-dichloroethene 
940 ug/L (appendix 3). Sources of VOC contamina­ 
tion within suburban areas include (1) commercial 
facilities commonly associated with residential areas, 
such as dry cleaners and gas stations, (2) industrial 
facilities where VOC's are used as solvents and 
degreasers, (3) use of VOC degreasers in cesspools 
and septic tanks, (4) accidental spills from storage 
tanks and sewer lines, and (5) residues from the exten­ 
sive road networks.

1,1,1-Trichloroethane The frequency of TCA 
detections in samples from all depth zones of each 
suburban area ranged from 38 percent in the recently 
sewered area to 21 percent in the unsewered area, but 
contingency-table analyses indicated that the differ­ 
ences were not significant (table 8). TCA is used in 
industrial and commercial operations as a solvent and 
degreaser and, in residential areas as a cesspool and 
septic-tank cleaner and as a component of certain pes­ 
ticides; thus, its similar detection frequency in all three 
suburban areas was expected. The proportion of detec­ 
tions changed significantly with depth, however. The 
direction of the difference between observed and 
expected detection frequencies and the magnitude of 
each contingency-table cell's chi-square statistic for 
TCA indicates that detections of TCA in samples from 
the shallow zones of all three suburban areas 
(42 percent) were more numerous than would be 
expected if all three depth zones were alike, and that 
detections in samples from the deep zones of all three 
areas (9 percent) were less numerous than would be 
expected; therefore, TCA seems to be most prevalent 
in the shallow zones.

Trichloroethene. The frequency of TCE detec­ 
tions in samples from all depth zones ranged from 
29 percent in the long-term-sewered area to 12 percent 
in the unsewered area, but this difference was found 
not to be significant (table 8). TCE also is used in 
industrial and commercial operations as a solvent and 
degreaser and in residential areas as a component of 
certain pesticides; thus, its similar detection frequency 
in all three suburban areas was expected. The fre­ 
quency of TCE detections in samples from all three 
suburban areas was 25 percent for the shallow zone, 
22 percent for the intermediate zone, and 17 percent 
for the deep zone, but this difference was found to be 
not significant (table 8).
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Tetrachloroethene. The proportion of PCE 
detections in samples from all depth zones was found 
to differ significantly among the three suburban areas; 
detections of PCE were more numerous in samples 
from the long-term-sewered area (33 percent) than 
would be expected if all three areas were alike, and 
detections were less numerous in samples from the 
unsewered area (5 percent); therefore, PCE seems to 
be most prevalent in the long-term-sewered area 
(tables 8 and 9). Sources of PCE are mostly industrial 
and commercial operations, where it is used as a sol­ 
vent, degreaser, and drying agent; thus, the signifi­ 
cantly lower detection frequency in the unsewered 
area, which contains little industry and commerce, was 
expected. The frequency of PCE detections in sam­ 
ples from all three areas was 22 percent for the shallow 
zone, 19 percent for the intermediate zone, and 
20 percent for the deep zone, but these differences 
were not significant (table 8).

Detection frequencies. Detection rates of TCA, 
TCE,PCE, 1,1-dichloroethane, and 1,2-frans-dichlo- 
roethene in samples from all three depth zones of the 
three suburban areas (fig. 13) show a general decrease 
from shallow to deep zones in the recently sewered 
and unsewered areas, but an increase from the shallow 
to intermediate zones in the long-term-sewered area. 
Additionally, VOC concentrations exceeding 50 fig/L 
in the long-term-sewered area were found most fre­ 
quently in samples from the intermediate zone, 
whereas those in the recently sewered and unsewered 
areas were found most frequently in samples from the 
shallow zone. This pattern is attributable to three fac­ 
tors: (1) the long-term-sewered area has been highly 
urbanized and industrialized longer than the recently 
sewered and unsewered areas and, thus, has likely 
received a greater loading of VOC's with time; (2) 
ground-water pumping, which accelerates the vertical 
movement of contaminants, is greater in the long-

1,1,1-TRICHLOROETHANE TRICHLOROETHENE TETRACHLOROETHENE

20 -

10 -

II I I

20 -

i
LONG-TERM RECENTLY UNSEWERED 
SEWERED SEWERED

1,2-TRANS-DICHLOROETHENE

LONG-TERM 
SEWERED

RECENTLY UNSEWERED 
SEWERED

EXPLANATION

Detection limit, in 
micrograms per liter

1

5

9
50

RECENTLY 
SEWERED

UNSEWERED LONG-TERM 
SEWERED

RECENTLY 
SEWERED

UNSEWERED

Figure 13. Detection frequencies for volatile organic compounds from each depth zone of the three suburban areas, Long 
Island, N.Y.
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term-sewered area than in the recently sewered or 
unsewered areas; and (3) the persistence of contami­ 
nants introduced into the water-table aquifer before the 
construction of sewers.

VOC's that were detected infrequently and at low 
concentrations include trichlorofluoromethane, car­ 
bon tetrachloride, 1,1,2-trichloroethane, benzene, 
chlorobenzene, ethylbenzene, and xylene. No dichlo- 
robromomethane, bromoform, or toluene was detected 
in any water samples (appendix 3).

Effects of Development and Construction of 
Sewers

Information from the previous sections can be 
used to determine whether (1) ground water that has 
been affected by contamination derived from human 
activities has reached the intermediate and deep zones 
of the Long Island aquifer system, and (2) water qual­ 
ity differs significantly among the long-term-sewered, 
recently sewered, and unsewered suburban areas.

Water-quality data obtained in this study were 
compared with data on the quality of native (predevel- 
opment) ground water (K. A. Pearsall, U.S. Geological 
Survey, written commun., 1988) to determine whether 
water that has been affected by human activities has 
reached the intermediate and deep zones of the aquifer 
system in Nassau and Suffolk Counties. Pearsall 
screened a data base of 8,500 wells on Long Island to 
identify those at which water might reflect native (pre- 
development) conditions. Screening criteria used were 
a chloride concentration of 10 mg/L or less and a 
nitrate concentration of less than 1.0 mg/L. These cri­ 
teria were selected because previous investigators con­ 
cluded that concentrations above those levels 
indicated contamination from human activities (Per- 
Irnutter and Geraghty, 1963; Perlrnutter and Koch, 
1972). About 220 wells were subsequently sampled 
and those at which chloride or nitrate concentrations 
exceeded the screening criteria were discarded. Inor­ 
ganic constituents for which concentration data were 
available for comparison included sodium, potassium, 
calcium, magnesium, chloride, nitrate, alkalinity, and 
dissolved solids. Median concentrations of these con­ 
stituents in samples from 30 wells screened in the 
lower half of the Magothy aquifer were used to repre­ 
sent pristine ground-water quality because these sam­ 
ples were more likely to reflect predevelopment 
ground-water quality for two reasons: (1) the age of

ground water generally increases with depth in the 
flow system, therefore, water in the deepest part of the 
Magothy aquifer should be the least affected by human 
activities; and (2) a few shallow wells, although the 
best obtainable, were nevertheless somewhat affected 
by human activities (K.A. Pearsall, U.S. Geological 
Survey, written commun., 1988). Median concentra­ 
tions in samples from the intermediate and deep zones 
of the five study areas, and those from the pristine- 
water (lower Magothy) data base, are listed in 
table 10.

Intermediate depth zone. The median concentra­ 
tion of each constituent in samples from the intermedi­ 
ate-depth zone of each area is higher than the pristine- 
water median, and concentrations of each constituent 
in the intermediate-depth zone of each area were more 
variable than in pristine water. Thus, water affected by 
human activities probably has reached the intermedi­ 
ate depth in Nassau and Suffolk Counties. Its effect is 
most severe in the sewered suburban and agricultural 
areas and is least severe in the undeveloped area.

Deep zone. Estimated median traveltimes of 
ground water (fig. A-l, p. 82) indicate that water 
within the deep zone of the suburban areas should rep­ 
resent predevelopment quality, but median concentra­ 
tions of inorganic constituents in samples from the 
deep zone of the two sewered areas were higher than 
those in the pristine-water data base (table 10), as were 
the medians for some of these constituents in the deep 
zone of the unsewered area. Also, concentrations of 
each constituent in the suburban areas were more vari­ 
able than those of pristine water. Thus, water affected 
by human activities appears to have reached the deep 
zone, and its effect is most severe in the long-term- 
sewered area and is least severe in the unsewered area. 
This difference is consistent with historical patterns of 
contaminant loading and the greater local pumping in 
the long-term-sewered area than elsewhere, which has 
accelerated the vertical migration of contaminated 
water into deep parts of the aquifer system.

Several investigators have examined water-qual­ 
ity differences between sewered and unsewered subur­ 
ban areas on Long Island (Katz and others 1980; 
Ragone and others, 1981; Porter, 1980). Katz and oth­ 
ers (1980) and Ragone and others (1981) found no sig­ 
nificant difference between median nitrate 
concentrations in sewered areas and those in unsew­ 
ered areas of the water-table aquifer in 25 years of
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record, but this has been attributed to possible biases 
in the data base, the amount of time required for the 
water-table aquifer to discharge contaminants intro­ 
duced before construction of sewers, and the contin­ 
ued loading of nitrate from nonpoint sources, all of 
which obscure the effects of sewers (Porter, 1980). 
Analyses of 1972-76 data by Katz and others (1980) 
and Ragone and others (1981) indicate a relative 
improvement in water quality in the sewered area, as 
evidenced by significantly lower (1) nitrate concentra­ 
tions in base flow of streams, (2) median ammonium 
concentrations in shallow ground water in the sewered 
areas, and (3) median nitrate concentrations near the 
water table beneath the sewered areas. They also noted 
decreasing long-term nitrate trends at most wells 
within the sewered areas.

Comparison of water-quality data among the three 
suburban areas reveals significant differences in

median concentrations and detection rates for nearly 
all inorganic and trace-element constituents studied. In 
all three depth zones of the three suburban areas, 
median concentrations and detection rates were gener­ 
ally highest in samples from the long-term-sewered 
area and lowest in samples from the unsewered area, 
and the median concentrations and detection rates in 
all three areas were higher in samples from the shallow 
zone than from the intermediate or deep zone. These 
results reflect the greater loading in the long-term-sew­ 
ered area than elsewhere and the continued introduc­ 
tion of contaminants into the shallow ground-water 
system from surface sources, but they also indicate a 
possible improvement in ground-water quality beneath 
the sewered areas. The shallow zone of the long-term- 
sewered area generally had the lowest median concen­ 
trations of nitrate, phosphorus, potassium, magnesium,

Table 10. Median values and concentrations of selected properties and inorganic constituents in water from the intermediate 
and deep zones of the five study areas and in pristine (predevelopment) water

[Values are in milligrams per liter, --, no data]

Constituent and 
depth zone

Sodium
Intermediate
Deep 

Potassium
Intermediate
Deep 

Calcium
Intermediate
Deep 

Magnesium
Intermediate
Deep 

Chloride
Intermediate
Deep 

Nitrate
Intermediate
Deep 

Alkalinity
Intermediate
Deep 

Dissolved solids
Intermediate
Deep

Study area
Long-term sewered

14.5

8.0

2.1

.9

9.3

6.8 

2.9

3.7

28.2

10.7

2.18

3.55 

14

14.5

108

80

Recently sewered

11.0

5.0

0.7

.5

6.9

3.4 

2.6

1.1

13.7

5.1

4.47

2.36 

8

7

77

38

Unsewered

7.0

3.0

0.8

.4

2.8

1.0 

1.5

.5

7.2

3.9

1.17

.60 

9

8.5

49

23

Agricultural

7.0
 

2.5
~

17.3

4.6
 

16.3
 

3.08

14
~

107
-

Undeveloped P

5.0
 

0.6
 

4.6

1.2
 

7.4
~

0.07

9
 

48
--

'rlstlne water1

3.3

0.44

1.2

0.56

4.0

0.20

7

25

Depth classifications do not apply to pristine water. Pristine-water data from K.A. Pearsall, U.S. Geological Survey, 
written commun., 1988.
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dissolved solids, and sodium, and the shallow zone of 
the unsewered and recently sewered areas had the 
highest. The pattern for the deep zone was the reverse: 
the long-term sewered area generally had the highest 
median concentrations, and the unsewered area the 
lowest. This could be the result of the historical pattern 
of sewer construction. The highest median concentra­ 
tions in the shallow zone, which contains relatively 
young ground water (fig. A-l, p. 82), were in the 
recently sewered or unsewered areas as a result of con­ 
taminants that were introduced before sewer construc­ 
tion and the continued loading from cesspools, septic 
tanks, and lawn fertilizers. The highest median con­ 
centrations in the deep zone, which contains much 
older water (fig. A-l), are in the long-term-sewered 
area as a result of the long period of loading from cess­ 
pool systems, septic tanks, sewer-line leakage, and 
lawn fertilizers.

VOC-detection frequencies in samples from all 
three depth zones of the three suburban areas (fig. 13) 
confirm a relative improvement in ground-water qual­ 
ity beneath the long-term-sewered area. Because this 
area is more densely populated and industrialized than 
the unsewered area (figs. 2 and 3 and table 1) and has 
been developed longer than the recently sewered area, 
it probably has received the greatest loading of VOC's 
from industrial sources and from individual house­ 
holds. The percentage of wells at which concentrations 
of four of the five most commonly detected VOC's 
exceed detection limits of 1 or 50 u.g/L in the shallow 
zone of the long-term-sewered area is equal to or 
lower than the percentage for the recently sewered or 
unsewered areas (fig. 13). Conversely, the percentage 
of wells in the long-term-sewered area at which con­ 
centrations of the same VOC's exceed detection limits 
of 1 or 50 u.g/L in the intermediate and deep zones, 
which contain water that was contaminated before 
sewer construction (fig. A-l), is equal to or greater 
than that in the recently sewered or unsewered areas 
(fig. 13). This contrast not only indicates that ground- 
water quality beneath areas that have been sewered for 
several decades is improving; it supports conclusions 
of other studies, that the large amount of time required 
for the water-table aquifer to flush contaminants intro­ 
duced before sewer construction, and the continued 
loading of some constituents from nonpoint sources, 
tend to mask the water-quality benefits of sewers.

SUMMARY

The Long Island aquifer system in Nassau and 
Suffolk Counties was included in the USGS Toxic 
Substances Hydrology Program to provide informa­ 
tion on regional ground-water quality and its relation 
to local hydrologic and human influences. In the third 
phase of investigation, described herein, the effects of 
land use on ground-water quality in shallow, interme­ 
diate, and deep zones of the aquifer system were statis­ 
tically evaluated. Water samples were collected from 
207 randomly selected wells in five study areas that 
were defined on the basis of predominant land use and 
age of sewers. The study areas were categorized in 
1986 as (1) suburban area, long-term-sewered (longer 
than 22 years); (2) suburban area, recently sewered 
(fewer than 8 years); (3) suburban area, unsewered; (4) 
agricultural area; and (5) undeveloped area. Each area 
lies along the regional ground-water divide, where 
ground water moves predominantly downward and 
transports contamination introduced at or near land 
surface deeper into the aquifer system than elsewhere 
on the island.

Water-quality data from the 207 wells screened in 
the shallow, intermediate, and deep zones of the aqui­ 
fer system beneath the five study areas were statisti­ 
cally evaluated to determine whether water-quality 
differences exist among the five areas and three depth 
zones and among the three suburban areas, which have 
differing histories of sewer construction. This statisti­ 
cal evaluation was coupled with an estimation of 
ground-water traveltimes to the midpoint of each well 
screen to determine whether (1) the spatial distribution 
of contaminants within the aquifer system can be 
related to land use or depth below the water table; (2) 
contaminants derived from human activities have 
reached the intermediate and deep zones of the aquifer 
system; and (3) the sewer systems in two of the three 
suburban areas have resulted in an improvement in 
ground-water quality.

Statistical evaluation of water-quality data from 
the shallow and intermediate zones of the aquifer indi­ 
cates that concentrations of inorganic constituents 
were lowest and least variable within the undeveloped 
area and generally highest and most variable in the 
agricultural area and generally were intermediate to 
high in the two sewered suburban areas. Trace-element 
concentrations also were highest in the agricultural 
and sewered suburban areas and lowest in the undevel­ 
oped area. VOC's were detected only in the suburban

43



areas. These results are similar to those obtained in 
previous studies that defined relations between land 
use and quality of shallow ground water on Long 
Island. Concentrations of most inorganic constituents 
and values of most physical properties decreased from 
the shallow to intermediate and deep zones of the 
aquifer system; this decrease is attributed to (1) physi­ 
cal and chemical reactions that remove constituents 
from solution and (2) dilution due to hydrodynamic 
dispersion and ionic diffusion as constituents move 
along flow paths.

Alkalinity and concentrations of inorganic constit­ 
uents (sodium, potassium, calcium, magnesium, chlo­ 
ride, nitrate, and dissolved solids) in samples from 
intermediate and deep wells were compared with con­ 
centrations from a data base representing pristine (pre- 
development) ground-water quality to determine 
whether water affected by human activities has 
reached the intermediate and deep zones of the aquifer 
system. Although traveltime analysis indicated that 
ground water in the deep zone should reflect predevel- 
opment conditions, concentrations of each constituent 
in samples from the intermediate and deep wells were 
more variable, and most medians higher, than those in 
the pristine-water data base. This finding is attributed 
to the effects of local pumping, which accelerates the 
downward movement of water and thereby has 
induced water from the shallow zone, which has been 
affected by human activities, to migrate to intermedi­ 
ate and deep zones of the aquifer system.

The concentrations of several inorganic constitu­ 
ents in samples from the shallow and deep zones of the 
three suburban areas, as well as the frequency of VOC 
detections of samples from each suburban area, indi­ 
cate that ground-water quality is improving in areas 
that have been sewered for more than two decades. 
The highest median concentrations of nitrate, phos­ 
phorus, potassium, magnesium, dissolved solids, and 
sodium in the shallow zone, which contains relatively 
young ground water, were in samples from the 
recently sewered area, where the benefits of sewers are 
not yet apparent, and in the unsewered suburban area; 
the highest median concentrations of these constitu­ 
ents in the deep zone, which contains relatively old 
ground water, were in samples from the long-term- 
sewered suburban area, where development has been 
the most extensive. Additionally, VOC detection fre­ 
quency for the long-term-sewered area was higher 
among intermediate-zone samples than the shallow 
zone samples, whereas detection frequency for the

recently sewered and unsewered suburban areas was 
highest in samples from the shallow zone, where load­ 
ing of VOC's from industrial and residential sources 
continues and contaminants introduced before sewers 
were constructed have not had sufficient time to be 
flushed from the system.
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Appendix 1 A. Major inorganic constituents in, and selected physical properties of, water samples from network wells 
screened in the shallow zone, Nassau and Suffolk Counties, Long Island, N.Y
[mg/L, milligrams per liter; nS/cm, microsiemens per centimeter at 25 degrees Celsius; deg. C, degrees Celsius; <, less than; --, no data]
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>:;S:;SS*3:g:ssx; :

26
7.0

29
24
24

:-mmmm.
iiiiiii
wmmm
wmmm.
iiM^iii

26
33
16
<5.0
26

1111111
iliillt
llllllll

:iiiiim

8.0
26.6
37.9
25.0
24.5

m^mmm
iSiii
mmmm

Iiiiiii
114.0
36.2
22.7
12.1
20.5

iiiiiiii
lililill
iliiis^iill
llliill

<0.2
<.2
<.2
<.2

.49
iiilSs^sii
iliiiiil
:i;i;S;i;:;«^e:;;i:

lliiiiii
<.2
<.2
<.2
<.2
<.2

lliiiiii
liliilllllll:
: : : : : x : : : : : : :>?: :T': : : : ; : >: : : : : : : : : :-: : :-: : :7S>*-:-:-:-:-x : :

: : : : : : : : : : : : : : x^. : A: : : : : : : : ; >: : : : : 
:>i-;:x:;:<,2;:;:::;:x:::;:

^x^x^j^^^'-x-'^x- 
;: : x : :|x;:;'>M*:|X;X;;;X'

2.65
1.50
8.91

18.00
20.00

iiiiiii
lliiiiii
liliiiiii

2.27
10.00
2.71
4.51
8.95

iiiiiii
infill
liliill
iiiiiii
iiiiiiiii:
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Appendix 1 A. Major inorganic constituents in, and selected physical properties of, water samples from network wells 
screened in the shallow zone, Nassau and Suffolk Counties, Long Island, N.Y.--continued

Well 
number

Nitrogen, 
nitrite, 
total 

(mg/L as 
N)

Nitrogen, 
ammonia, 

total 
(mg/L as 

N)

Phos- Phos­ 
phorus, phorus, 

total ortho, 
(mg/L as total 

P) (mg/L as P)

Solids, 
sum of 

constituents, 
dissolved 

(mg/L)

Specific 
Hardness, conduct- 

total ance, 
(mg/L as field 
CaCO3) (pS/cm)

pH, 
lab 

(standard 
units)

Temper­ 
ature, 
water 

(deg. C)

Oxygen, 
dissolved 

(mg/L)

LONG-TERM-SEWERED SUBURBAN AREA

N9946

N9940

N9948

N9942

N9962

lillllll;
IIIIIII 
ii$iiiB
iHiK
iSllllil
N9944

N9983

N9943

N10035

N9803

;;NJ9||J!
WiUm
ilififf
I3BKI 
yffKi

0.002

<.001

.004

.001

.009

lilliiil
ifiiiil! iiiHii
liliillll
lilliiil

<.001

<.001

.004

<.001

<.001

llllilKlll 
lilliBil

Illililil
Illlliiilll 
9&SK

<0.01

<.01

20.00

<.01

<.01
WMf-^tM 
>>;: x -;:S;>J:*:;:;:;;:::x

iiiMQiiS
IlliiSlli
liiiftlii
BlliSllI

<.01

<.01

<.01

<.01

<.01

llllBlil
litfili
illliliil
Wi^Kji 
IllPlilil

0.02

<.01

.03

.02

.02

Illlliii 
IlilHi 
Iliillil
llillll
lilliiil

.07

.07

<.01

.03

.03

mmiii
:iiiii§i
lli:;iill
llillll 
iillKi

<0.01

<.01

<.01

.01

<.01
; : : : : x :x : :-: : : : : : : : : : : ; :-^(-:AT:: :;-x :xxx- 
oxxx^.v:;:;. x:x>fV.fxxX;x : :-: ; >

llllillBill
ill;|i?iid|;||l:i 

;||||:i|^^|l;|||

illl::llii?fiiil^ili
<.01

<.01

<.01

<.01

<.0l

iiiiiisiiii
|i:llllillll:!lll
iiiliiiiiiiii
iiilffillill
Ilii;ililip|l;;:ll

113

107

478

161

149

llllHlllll 
IIBIIIilill 
Illllilllll
llliiBIll
liiliilllli;

207

163

357

115

175

illlfflilll 
IIIIIHIIIII
iiiiiiiiii
:i j!l!lilil : lli: 
lliHili!

43

47

251

60

85

iiiiiii^iiiiiii

iiiiiiiiiiii

Itillllllllll
70

82

105

33

61

liiiiMiiiii 
iiil^iill
iilSlllllii
ilBiiiiiiiiii

168

169

815

303

264

lilllll

iBl!
liHlll
Iliiil

335

252

673

193

288

lilllll
;i|5j|i;;i
liill

illllll

5.50

5.60

6.80

5.50

6.10

lilliiil
iiiiiiii
liillliiil
|||i|p|l

5.60

5.60

5.90

5.70

5.40

IliHil
lilliiil
llliBII
i|;i|||i||ll;
: : : : : x : : :x : :c: : :>/\: : : : ; : : : : ; : : :
::;::^:S:5:.:6X}g::::>:

13.4

14.0

14.8

15.2

13.1

Illiili
lilllll
lilliiil
iiiiiiiiiiliillliiil

14.7

14.2

15.2

15.5

13.7

liilili
Illililil
llllilli
Illililil
iiiiiii

4.4

9.8

0

7.2

7.9

illlllllil
S^SSift^SSS: 
: : :;: : : : : : : ; : : : :Jf«V: : ; : : : : : ::: : : : : :

Illililil
iiiiiii

16.3""
8.5

9.1

1.6

6.0

iiiiiiii

ill!!!!!!
^M:$&S<<&

ililllP
RECENTLY SEWERED SUBURBAN AREA

N9933

N9926

N8888

N9927

N9928

Mill
iiiMili 
ii|N§iiilii;
Ip9||i||
!HIIII
N9079

N1197

N8984

N9918

N9939

iSiiii
;;jsf92||||
jjjjJK
lliojll;:!
ass

<0.001

<.001

.003

<.001

<.001

1SK1
lllHll 
illiil
iiilSIl
iisiiiil

.297

<.001

.022

<.001

<.001

lilliiil
lllPill
Illiili
llllMlll
liilii

<0.01

<.01

<.01

<.01

.02

jsiiiiii
ilillllll 
Iliillil
IlilHill
Jiiiffijjji

.19

.02

.20

<.01

<.01

:|-lli^i;:|/l^

I1IIMI1I

I^^^Oi;:!;;:;:;!

iiiiiiii
iiBiii

0.55

.05

.08

<.01

.02

IliBi
llliiil: 
iiiiiii
llillil
Iliiiiili

.10

.03

.14

.07

.01

Iliiil
lilliiil
iliiill
lilllll
iiHillil

<0.01

<.01

<.01

<.01

<.01

iiiiiiiiSiiiiii
IIHBllllll
iiiiiisiii
iiiliiiiiiiii
IlillilBlliS

<.01

<.01

.07

<.01

<.01

llllllli^llil
IllllSlllili
iilliliiSSliil:
Illllliiiiil
IIISMIili

101

70

178

198

208

lliiiii;;iiil
Illittlllli
11181111
iiiiiiiiiii
Illllilllll

309

187

77

59

133

IliBIIIII
IIIIIIIIII
mi^^i^i^
iiiiiiiii
l^iiBlllli

49

25

52

64

55

Illllilfiilill
illlllliillll

lilllliilill
MiM#i&M^m
: : : :x: : : : : : : : ; : : : : : :-: : :/:t^; : : : : : : : : : : : : : : : : : : : : : : : ; >: :
,,,,,,,,,^,,,,,,,,,,,

67

30

27

43

IIIIKIIIIIII
: : : x' : :': : : : : : x' : : : x'id^ : : : x' : ' : : ; : : : : x' : : : : : : : : : :

: ; : ; x : : : : : : :x ; :': : : : :i»*>\ : : : : : : : x-: : : : : : : : : : : :i "x
;:;;;;;;;:^;:^;;;:;:/;y:;:;x:;^: : :!>; : :;;;;;

l^^llJ:-^;4-i:^ ;: l ;:ll:lx

yiiiiiiii

157

123

272

295

318

iiiiiii
IHIll 
isiiiiiii
lilliiil
liilll

568

311

184

111

212

! !!!

lilllll
liiBI
liilll

5.80

5.70

5.50

4.80

4.80

llllilli
lilllll

iiiiiiii
5.90

5.60

5.90

5.30

4.90

iiiiiii
Illiili
llllilli
Iliillil
Illililil

14.6

13.5

14.6

14.7

14.4

lilllll

lilllili

Illililil
15.5

14.2

14.3

13.7

14.4

llllilli
Illiili

lilllll
lliilil

7.2

10.0

7.8

8.0

9.8

iiiiiii
i'i:Sis:i3iQ:;:;:;:;:S;i;

llliilil
Iliillil
: : : : : : x : : : ' : :A:-; : : : : : : : : : : : : : : : : : x

,,.,,_,,.,,,..

4.3

3.3

4.8

5.6

llllilli

Illililil
Iliiiiili
x : x ::;X;X-rxjjx"x : x : : : x
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Appendix 1A. Major inorganic constituents in, and selected physical properties of, water samples from network wells 
screened in the shallow zone, Nassau and Suffolk Counties, Long Island, N.Y.-continued

Well 
number

Silica, 
total 

(mg/Las

Calcium, 
dissolved 
(mg/L as 

Ca)

Magnesium 
dissolved 
(mg/L as

Mg)

, Sodium, 
dissolved 
(mg/L as 

Na)

Potassium, Alkalinity, 
dissolved lab Sulfate 
(mg/L as (mg/L as (mg/L as 

K) CaCO3) SO4)

Chloride, 
dissolved 
(mg/L as 

Cl)

Fluoride, 
total 

(mg/L as 
F)

Nitrogen, 
nitrate, 
total 

(mg/Las 
N)

UNSEWERED SUBURBAN AREA
S45207 
S65602 
S65607 
S45208 
S45210

:xa:/D4DOx:x:x:

S47220 
S48375 
S74286 
S64316 
S64318

illlli
;;;|1:^051||

12.5 
17.3 
15.6 
19.9 
18.0

iiiiiiiil
iilliill
iliilll

5.5 
6.9 
6.6 
6.6 
6.1

liiitiiii
iiiiii
S:;l£3$;;S;i;

llllllill

14.1 
26.2 
16.0 
24.1 
23.5

iiiiiiiii
6.5 
1.1 

17.0 
2.2

Iilliill
iiiiiiiii 
iliiiiiiii
lllliilill

3.7 
5.1 
7.2 
9.2 

10.1

Iiiiiiiii

lllllilill
llllillll

.8 
1.6 
1.3 
5.8 
3.1

iiiiiiiiiii 
IIIISIII

14 
19 
23 
32 
9.0

llllllill

iiiiiiiiiiii
5.0 

70 
3.0 

10 
16

lllliilill

3.2 
5.7 
4.0 
3.2 
1.5

iiiiiiiiiiii

9.5 
.6

2.8 
1.1

Illililllililll

liiiiiiipiiiiiiii

14 
6 
7 

19 
31

111! 
lill
Bill 
iill 
811
39 

6 
6 
8

:illl

ilii 
liiii
iHlll

19 
32 
26 
29 
37

Illllllli
Illllill
iiiiiiiii!
iiiiiiii

<5.0 
22 
<5.0 
23 
<5.0

iiiiiiliiiiliiiiiiii
llil<5il:i;

12.6 
26.2 
32.2 
34.9 
10.2

, ,,,,__,,,,

62.1 
5.0 

33.0 
25.4

lllliilill
lllliilill
iliiiiiiii
iiiiiiiii

<0.2

Illllillil 

,,,,,,,_,,,..

iiliill
;:;:;' : :|:;:^:^*:*:-: :x-:;:-:;:

:;:;:;; ; :-: : : ; ; : :x>ici&:;: : :;:;>>: :

7.63 
23.00 
16.00 
24.00 
12.00

iiiiiiiii
Iiliill
,,,,,., .,xx

13.00 
1.08 
7.75 
2.00

 : : : : :;:;: : X;X;:>Ji»;fl/:-: : : : : : :':

llllllill

iiiiiiiii
Illllllli

AGRICULTURAL AREA
S51582 
S51587 
S51568 
S51581 
S51566

mmmm
mmmm 
Iliilll
S51576 
S52383

10.5 
11.7 
8.9 
8.8 

10.5

iiliill

wmomm.,,,.,.,_.,,,.

4.1

41.9 
33.1 
60.3 
31.1 
77.0

Illllill;

mmmiii
m^mmmn,..,,,_,,,,,,

7.1

7.7 
6.5 
9.2 
7.9 

12.6

iliiiiiiii
lli^piii
lllMlil

:,,,,,,    ,,,,:,

1.4

5.0 
14 
23 

8.0 
10

lilllllliiiiiiiiii
iiiiiiiii
ilx;^p;;;!S:;xgi;

6.6 
7.0

3.8 
11.0 
5.2 
3.9 
4.4

l;liilllifiiSii
Wm^43mmSmm

iiiiiiiiiiii,,,,,,,, ,,,,,,,,,,,,

4.5

16 
20
22 

8 
9

1111

III!

1111 ,  ..
5

80 
59 
79 

114 
140

11111MI!
iiiiiiii: 
iiiiiiii 
lllliilill
iiissiiiii ,,,,,,_,,...,,.

<5.0

20.1 
23.4 
54.8 
20.3 
33.7

miMmm 
Iliilll 
Iilliill
liiiillliii

10.6 
23.4

<0.2 
.46

Ilillli
lllliilll 
Illliiill

iiiiiiilli ...,,,,._.,..,,.
.62

831 
13.10 
17.00 
3.51 

18.00

Iiiiiiii 
lllliilll
Iiliill,,,,.,_,,,,

4.96
UNDEVELOPED AREA

S74301 
S54886 
S74294 
S48584 
S74307

mmssm
ms9mm
mmmm 
llllllllll

S74293

9.9 
4.7 
5.4 
7.1 
6.8

Wimsim

Illllill;
iliilll

11.8

3.2 
2.9 
1.9 
2.4 
4.2

§S:ss:3i!ssss:

mmmmm

lllliilill 
lilllllll

6.0

0.8 
.4 
.3 

1.0 
1.6

lililill!
Illllill

<3.0 
54 
33 
<3.0 
20

iliiiiiiii
Iilliill!

8.0

0.6 
.4 
.8 
.6 
.9

illlllllllllllill

.,,,,.,. .,_... ,,...,,.,...,.

6 
5 

15 
7 
4

iill 
1111

Illil 
Iill;

8

6.0 
18 
10 
<5.0 

9.0

iiiiiiii
Iiiiiiiii
": : ' : >: : x : : 1 : ; : : : : :"O: : ft:i -' : '-' : ' : ' 1

iiiiiiii
12

3.6 
74.0 
44.7 

4.7 
36.7

iiiiSi
xiSxS^Cf^^x^xX

IIIIIIII
Iliiiiiiii

8.3

<0.2

S^m^Z^m-

iiiiiiii 
Illiiill,,,,__,,,,,

<0.01 
.32 
.09

.24

iiiiiiiii
illisilll
Wm^iffjfim

........^.....
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Appendix 1 A. Major inorganic constituents in, and selected physical properties of, water samples from network wells 
screened in the shallow zone, Nassau and Suffolk Counties, Long Island, N.Y--continued

Well 
number

Nitrogen, Nitrogen, 
nitrite, ammonia, 
total total 

(mg/L as (mg/L as 
N) N)

Phos­ 
phorus, 

total 
(mg/L as 

P)

Phos- Solids, 
phorus, sum of Hardness, 
ortho, constituents, total 
total dissolved (mg/L as 

(mg/L as P) (mg/L) CaCO3)

Specific 
conduct­ 

ance, 
field 

(pS/cm)

PH, 
lab 

(standard 
units)

Temper­ 
ature, 
water 

(deg.C)

Oxygen, 
dissolved 

(mg/L)

UNSEWERED SUBURBAN AREA

S45207

S65602
S65607
S45208

S45210

IlliiSlllii
S47220

S48375

S74286
S64316
S64318

-:S643ili3lii;:i;

iiiliillil
!i:|$$l!ll|!

0.003 <0.01

.002 <.01

.002 <.01

.001 <.01

.004 <.01

!iii!!!;ili;i;i!^lililii!;iiii;0iiiiii : |i;i

lilfl^illlllllilliiillii
i||ii|||§if|||ii||||i||:
iiii|ii;ij|iilii|iiipiiii

<.ooi <>01
.042 .75

<.001 <.01
.003 <.01

<.001 <.01

i^iw^iiiwii
||!iliE^iil||!i|il;ii0| il
ii|i|<^||i:iliii<i.pliiii|i|i

i|||||;|)i|||;il|||ii||p|;||ii

0.06
.20
.04
.02

.01

iiiiiiiii
IIIMII
iiiHii ,,,,.,_,,,,,

.26

.07

.08
<.01

Illipsli
illiisii
iSlKiii

<0.01
<.01
<.0l

.01

<.01

iiiiiiiPi 
lliiil
liiili
illliSl.,,,,,,,,_

.20

<.01
<.01
<.01

lillijiiMi
IlillQii
iiiiiiii:lQii

122

238
200
272

181

:: : :S : S-:::S: : ^:::S^S:: :::o:g'7^ :::^^ : S :^^"^^^S

llll;||;lll||;ili||i;iii|i||
|;|lllili|ii|ii|l|iiii|iiiliii;|i:ii|iii|i
.,,,.,,,,,,,,,,.,,,._.,,,.,,.,.,...,,,

262

26
136
68

^^^^^j^^m
liiiliiiii|iiiiiiii:75iii|iiiiliiii|i|iiiii
liiiiliiiiiiiiiiiiii^iiiiiiiliiiiiiiiiii

50

86
69
98

100

i!^!i;!!:i;!;!

ISII

111111

Illlll

22

8
66
18

Illilii!
Iiiiiii
ilifil
liiilli 
liiili

175

354
313
413

275

lllliill

iiiiiiii

liliHiil """""""31""""
459

49
236
124

llliiMll
Iiiiiiiii
iiiiiiii
iiiiiiii!
lliiSlll

5.90
5.10
5.10
5.50

6.90

iiiiiii 
iiiiiii
liililll 
Iiiiiiii
iiiiiiii

5.60

5.50

5.30
5.00
7.00

iiiiiiii
iiiiiiii
'iiiiiii
ilitmii

13.1

13.9
12.2
13.5

13.0

Bill!!! 
Iiiiiii

iiiiiiiii!
liiliSlli

10.8

17.6

13.9
12.6
12.4

iiiiiii
Iiiiiiii
illiiitlllfi
iiiiiii
!ii:!li! ;i;l|s|:i

8.8

7.4
7.4
6.4

10.4

iiiliillil 

illllllll
Illiilll

10.2

.2

10.6
9.1

10.6

IllMll
lllliill
Illiilll
iiiiiiii
Iiiiiiiii

AGRICULTURAL AREA

S51582
S51587
S51568

S51581
S51566

i;:.S51589:sii;v

111

S51576

S52383

0.004 <0.01

.024 .03

.059 .25
<.001 <.01

.002 <.01

<$Mf^^&$tX;W

'^?::r^tM^Mfi&-^-.;--.;. x.i.x.VMA- 1 ':' 1 --'  ; ; : : : ; ;    - : »:/ TT.  _  ;. ;-: ;

;i:';ii:|iiii|cy20i:ii;i!:i:i:iili^iili3i8i^i:iiii::i

l|l|^lil|iill;ii|i^oi;iili
<.001 <.01

.006 .07

0.25
.07
.08

<.01
<.01

3S;S--S : :^ : -: ;^:

IlliSiiill

.08

.05

<0.01
<.01
<.01
<.01
<.01

'^M^fM

ill
.01

216
229
330

216
373

iii|;|||f:l|i:0&Ji;:l^:iiii|s|i|

:iiiii;illili|iilii|||iiiliii :ii|illliil

"""""" ""'""""""""" "122" '"""""""" """"""""""

73

136
109

188
110
244
|iJ!|!!::!|::!-

iioiiii

IHIil
""65"""""

23

346

335
510

323
563

!i!i!!!i!!1^9l!il

:iiii^6ii
Iiiiiiiii
111111!

202

140

5.80

5.70
5.70

5.60
5.50

!!!!i!;i;ili!Mlll

lliiiil
3 : : : O"/v : : : : : : : : : - : : 

;<PlJX;I;:;:;I;:

Illllilll

11111111
6.10

5.00

12.1

12.5
12.3
12.9
12.1

iiiMiii
liiliii
Illiilll
iiiiiii!
Illilii

11.9

11.9

10.4
9.0
8.9

10.0
9.4

iiiiiiii
iiiiliiiiii 
iiiiiiiii 
llliii
ililllill

10.0

8.0
UNDEVELOPED AREA

S74301
S54886
S74294
S48584

S74307

i;i:S47755iS|

l||894||i|l
i:i$73jb7li|;i|

llffiHll
iil}4l£5lii||
S74293

0.001 <0.01
<.001 <.01

.002 <.01

.002 <.01

<.001 <.01

i|i|i<:;()Qi|ii;i|::il;Oi;|li;; :
:;il||:;(|||||;i|||:|ii|7|ii|||:
iii|:<,iK*i:i|l:iiii:l|i|;6|||;l|.
i!||||i|ii||iiiliil||||ll;||
lll^|i|il|i,()illi

.001 <.01

0.04
<.01
<.01
<.01

<.01

!;|:|lii!|ili
niiiOQiiiiil
illlMlil
iiillisiiiiil
iiisilli

.09

<0.01
<.01
<.01
<.01

<.01

iliiillMi
liiiiilifligf
i|i|i;|;ol
iiiiilliliii
ii;iiiiii: i

.02

28
159
105
20

82

iii'liil'iiiil^S^^I:p!|i: : iil:::i!: ; iil|ii|iii

I:i|ii||llliii2^|:i|ii|:;||ii|liii

iiiiiiiii iiiiiiii !iii :i! ;ii!li!li|i.
Mi^Mm^-^^^:^

'. :  ; x : ; : : :;: :;':-:;|: ' .  : :-::" : ''':'-<Px:x>.;X :'x : :  ; ; ';:;:;X;:-x

7Q

11
8
5

10

17

iiiiiiiiili
illlill
illii
iiiiii
illlll

23

43
320
188
41

159

iilliill
illlllll
iiiiiii
liillllli
liliilllll

107

5.70
5.00
7.40
5.70

5.30

iiiiiii
iiiiiiii
Iiiiiiii
Iiiiiiii
lliililiii

5.50

10.7
12.7
12.5
11.2

11.8

iiiiiiii
tiliii!
IIIIIII
liililll
iiiliillil

12.2

11.4
11.2

1.0
10.6

11.2

Ililli

Illllilll
IllSllil
iiiiiiii

10.5
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Appendix 1B. Major inorganic constituents in, and selected physical properties of, water samples from network wells 
screened in the intermediate zone, Nassau and Suffolk Counties, Long Island, N.Y.
[mg/L, milligrams per liter; p.S/cm, microsiemens per centimeter at 25 degrees Celsius; deg. C, degrees Celsius; <, less than; --, no data]

Well 
number

Silica, 
total 

(mg/L as 
SI02)

Calcium, 
dissolved 
(mg/L as 

Ca)

Magnesium, Sodium, 
dissolved dissolved 
(mg/L as (mg/L as 

Mg) Na)

Potassium, 
dissolved 
(mg/L as 

K)

Alkalinity, 
lab Sulfate 

(mg/L as (mg/L as 
CaCC-a) SO4)

Chloride, 
dissolved 
(mg/L as 

Cl)

Fluorlde, 
total 

(mg/L as 
F)

Nitrogen, 
nitrate, 
total 

(mg/L as 
N)

LONG-TERM-SEWERED SUBURBAN AREA
N1818
N7560
N3699
N7524
N10043
liliiiiilii
!$$ !!
!HiiiII 
iliillilli
Mjjiji 
N7219
N8311
N4206

21.5
23.1

8.5
10.1
9.7

miikifm

Illllll
lllililll
££^;pss;

9.5
10.6
14.1

32.0
18.9
172
9.6
7.2

iiiiiiiii
Ifllllllii;
?M$fi£M&

6.1
6.1
9.3

14.6
9.6
2.8
4.3
3.7

ilillii
iliiill 
iiiili
Illllllll
Illllllll ,,.,.,..._,

2.6
4.2

63
26
33
15
14

!ll£llliii£d!!lflP
llillllllll
iiiiiiiiii 
iiillllilllii,,,,,,,,, ,,.^, ,,,....

22
10

2.7
2.2
3.6
2.2
3.6

x : ; : x : x : : ; x : x : :V*: x : : ; x ; x : : ; x 
: : : : : ; : ; : : : : : ; : : : : ; : ; ; : ;Q : :: X : : ; : : ; : ; : : : :

Illllllll .......__........

1.6
2.2

34
28
16
9
6

-: ; : : ;-: : : : : ; : : x : ' : . : :/> : ;'x : >: : :;;;X;X; >: : :

7 -x-:^: : x-:^:v-';-;: 
. , . . . . ._. ...... -; ;.;-; ;.;-;.; ;-:.;.;-;.;.;

l ; ::- : >:;x': ::t*7: >x-: : : : :'x : x : x : ; : : :: 
;:;:;x;:^x : :;;JL: : /xx;>:;x;Xx>x : x

: : : : : : : : : : : : : ; : : : : I : : : : : Q: : X : : : : : : : : : : : : : : : : ; : : : : : : : : 
:':":': : : : : : :-: : : : :-: : : : & 'x : x-x-x'i : :  : : "-: 

IllllSillll ,.,,.,._...............
14
14

24
22
24
42

6.0
iitiiil
iiii
llBll 
iittil
26
23
9.0

165.0
63.0
42.9
29.5
19.7

iiiiiii 
Illllllll
iii?iii

18.4
36.1
17.3

<0.2
<.2
<.2
<.2
<.2

liiMli 
llllllil
lllli::is;:|
.;.;.;.;.;.; ;.;,;7S»ifc.;.;. .;.;.-.

W^^mill: : : : : : : : : : : : : : : : :^S<«|: : : : : : : : : : : : :

Ilil^lil """<2" '

<.2
<.2

2.33
2.04
5.82

.09
7.25

lllililllillililii 
Iiiiiiii
iiiiiii

<.01
.18

5.45
RECENTLY SEWERED SUBURBAN AREA

N8493
N8364
N9168
N7531
N5007

 llllli
im&iii
m®mmm

N3243
N9252
N9018
N7353
N7536

lisjlllliiiiiiiiii

10.6
15.5
21.4
9.6

10.0

IIIIIIJiiiillii

illliii
^SS:S¥;7i4S'':S-:

7.4
9.7
7.4

10.1
7.9

2.2
18.5
6.9

15.9
3.0

Illlllllll

Iiiiiiii
lllililll 
Illlllllll

9.1
9.9
1.5
6.9
6.5

lllililll

0.4
6.1
2.7
4.4

.9

lllililll
mmtS&m
'mM^MM :o:-:o:-:-:-:-M*«*':-:-:.:.:

llliill
liiilll

2.6
3.5

.7
2.0
2.2

llllllil iliiill

3.0
14
7.0

23
11

: : : : : : : : : : : :-: :x ; : : :'-:': :>j>: : : : : : : ; : : :': : : : : : : : : : :': :
:̂ ^mmmm

iiiiiii^iii
11
16
4.0
8.0

19
^mmmmmmm

0.3
3.1

.8
2.7

.4
SSS^S^SbS^SSS: 
myffffMfm^mf
mmiHmrn

:ilii^Mim
:::S^:::: : : ; x-:ifr§S;S§:

.7
1.2

.5

.6

.7
 ^M^W&^m
: : : : : : : : : : ; : : : : : : : :;ix-/v:x>'x'::x':' 
tmt$ditmfffff:

11
10
31

16
14

Illiillili
Illiillili
iiiiiiliiiii
l::|:>ll|:6x-x-x>-:-x::-:-:::- 
: x ; : : : : x : >x : xO:X : x : X;X : : : x : : : : : x

7
5
4
7
5

iiiiiiii
illlliliilll

<5.0
37
<5.0
20
<5.0

 III
118!
mmi 
Wsim
<5.0
31
<5.0
<5.0

9.0
iiiiiii

3.3
13.7
5.0

28.6
4.0

isiiiiii iiiiiiii
liiilll
iiiiiii 
llllill

17.0
16.1
4.3

10.1
15.1

Illllllll
liiilll!

<0.2
<.2
<.2
<.2
<.2

llllsillll

liiilll
llllllil 
Illllll

<.2
<.2
~

<.2
<.2

Iliilllll
illliill!l

0.53
9.42
1.04

10.00
.95

Illllill 
Illllllll iililill
I111IP3III
iiiiiiii

5.72
3.16

.56
4.53

10.20

]||I|ll|
iilliill

UNSEWERED SUBURBAN AREA
S28055
S11803
S 14579
S76675
S36976

7.2
11.8
7.5
6.4
9.7

4.5
13.1

1.2
2.0
2.8

1.8
5.1

.3
3.3
1.2

8.0
39

3.0
17
6.0

1.0
2.2

.5
1.3

.5

10
16

7
5
7

<5.0
13
<5.0
<5.0
<5.0

14.7
45.5

7.2
27.6
4.6

<0.2
<.2
<.2
<.2
<.2

3.18
7.41

.24
2.47
2.13
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Appendix 1 B. Major inorganic constituents in, and selected physical properties of, water samples from network wells 
screened in the intermediate zone, Nassau and Suffolk Counties, Long Island, N.Y.--continued

Well 
number

Nitrogen, 
nitrite, 
total 

(mg/L as 
N)

Nitrogen, 
ammonia, 

total 
(mg/L as 

N)

Phos- Phos­ 
phorus, phorus, 

total ortho, 
(mg/L total 
as P) (mg/L as P)

Solids, 
sum of 

constituents, 
dissolved 

(mg/L)

Specific 
Hardness, conduct- 

total ance, 
(mg/L as field 
CaCOj) (jiS/cm)

pH, 
lab 

(standard 
units)

Temper­ 
ature, 
water 

(deg. C)

Oxygen, 
dissolved 

(mg/L)

LONG-TERM-SEWERED SUBURBAN AREA
N1818

N7560

N3699
N7524

N10043

N8068

iliiiSliI
waaiM 
HBS1 
Hliiil
N7219

N8311

N4206

0.001

<.010

<.001
.004

<.001

w^moim
liliffili
iiMiii
iiiiHii
lllliBl

<.001

.003

.001

<0.01

<.01

<.01

1.22

<.01

liiiiiii
lliBl
iiiilil 
Illiittl 
lllifiilll

.05

.07

<.01

0.01

.06

.03

.04

<.01

Illlii;
iiiiili
;:||||i$|
IllHi 
lilfHIl

.01

.07

.05

<0.01

<.01

<.01

<.01

<.01

jiiiiiiiliiiii 
iiiiiiiiii
Ililiilllli
iiilliiisii iiiiiHiiiiiii

<.01

<.01

<.01

354

191

165
123

100

iiiMiii 
illlHilii
iliiiiiiiiiii
wmmmm
Illliillli

77

112

101

140

86

54
41

33

iiiiPiiiii 
IlilSiilll
lliilliiiililll
;lillli!:i:iiiii
lillliOaiiiiill

27

25

40

632

323

283
215

154

:ll«i6il

Illlil

iHiiii
123

192

157

5.90

5.90

5.50
5.20

5.80
i$3$$9&m
llliiilll
m-imMim
IliiSlI

4.80

5.40

5.70

19.4

20.1
 

13.4

14.4

iiiiili 
llliiilll
mmjMi
iiiVWm

14.3
-

12.0

5.6

6.8
~

0

4.0

llliiilll
iiipiill
lilililll

0
--

7.3

RECENTLY SEWERED SUBURBAN AREA

N8493

N8364

N9168

N7531

N5007

t^mmi
;:$j$$5$fi 
WSS
wijiiS:
$$sii
N3243

N9252

N9018

N7353

N7536

WKM 
WKS.

0.001

<.001

.003

<.001

<.001

Wl&Jmm

liiiiii 
iSMli
|i;:|s;005|l;

III&MII
<.001

.005

<.001

<.001

.004

i^MWM

IliBll

0.02

<.01

<.01

<.01

<.01

mms\m
iiii$$ii 
IlliBil^
liSSl
lll&fli

<.01

<.01

<.01

<.01

<.01

illMlli1 ;
lllsill

0.05

.07

.02

.02

.07

imix
iiil-ll 
liljofl
lllBil
fllitiii;

<.01

.04

.04

.03

.05

IIM!! 
Illlll

<0.01

<.01

<.01

<.01

<.01

liiiililfliill
iljlllilllllli!:i 
IllZiSlIii
lililiiiililiii
li;liil;liili:!::iP:li

<.01

<.01

<.01

<.01

<.01

ililililllili
IllPiSfKlil:?

29

156

67

158

42
Il|i;l28|:|i::lli: : :^

IlilMllI! 
Illillllillllliiilll
Ilililsiiii

77

105

23

62

109

WMMiim

7

71

28

57

11

iiiiiiiiii!
iililiililllil
;|i;il;;|;:;ililllll
;l^l^li;sl|:;l;;;|I;l

33

39

6

25

25

iiiiiiiiiiii 
11II1BI111

42

246

86

254

55

1M111
11*1111
llllil 
iiiiiii
iii«ii

139

177

34

95

147

liiii
IS1II

6.10

5.30

7.10

5.80

5.70

lllliliJill
liiliiii

iiiiiii
iiiiSDii

6.20

5.00

5.30

5.80

5.00

lilSMil
iiiiiiii

8.8

13.7

11.4

14.5

11.3

iiiMi
iiiiili
iiiiili

iiiwm
11.5

12.6

12.0

11.5

13.3

iiiiili
11111!

8.0

7.2

8.4

5.2

9.6

llliilll

iiiiiiii 
llliilll 
iiiiili
Iiiiili

5.8

.2

7.8

8.9

6.8

iiiiili 
llliilll

UNSEWERED SUBURBAN AREA

S28055

SI 1803

S 14579

S76675

S36976

<0.001

<.001

<.001

<.001

<.00l

<0.01

<.01

<.01

<.01

<.01

0.05

.06

.05

<.01

.04

0.04

<.01

.04

<.01

<.01

57

172

24

72

39

18

53

4

18

11

90

256

29

124

57

6.80

5.60

5.60

5.10

5.60

10.8

12.4

10.9

10.9

11.2

10.2

7.4

10.8

8.8

8.3
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Appendix 1B. Major inorganic constituents in, and selected physical properties of, water samples from network wells 
screened in the intermediate zone, Nassau and Suffolk Counties, Long Island, N.Y.-continued

Well 
number

Silica, 
total 

(mg/Las 
SI02)

Calcium, 
dissolved 
(mg/L as 

Ca)

Magnesium, 
dissolved 
(mg/L as 

Mg)

, Sodium, 
dissolved 
(mg/L as 

Na)

Potassium, Alkalinity, 
dissolved lab Sulfate 
(mg/L as (mg/L as (mg/L as 

K) CaCO3) 804)

Chloride, Fluoride, 
dissolved total 
(mg/Las (mg/Las 

Cl) F)

Nitrogen, 
nitrate, 
total 

(mg/Las 
N)

UNSEWERED SUBURBAN AREA (continued)
S44774
S75455
S24770
S23522
S15810

iiiiiiiiii

iiiiiiiii
S20601
S46283

14.3
7.3
7.2
9.4
8.4

 x-x-x-x-:»-:vjx-xXx

iiiiiiii
12.4
8.1

5.3
1.5
1.5
3.5

15.8

iiiiMi!
XvXxXxXxiifxXx'xX:

Illlilii

liiiiill
3.0
1.0

2.1
<.l

.4
2.0
3.8

illillllilli
....... '.' '.'  ' :' '' ''-'' ' :'-

iiiiiiiiii
mmmmm

Illliill
1.4
.5

7.0
<3.0
<3.0

9.0
21

;: : :x:;xxX;x;/:.yx:xXxX:

iliiiillifiii 
iiiiiiiii
iiiiiiii

<3.0
3.0

0.4
.4
.5
.8

2.4

: : : :'x : x : x : : : x : : :Q": : x-x : x : x :x : x : :-x : x':

8
-   ---     x : : : x : x : x-x : ; ; x : : ; x : x 

-x^l'l'l-l-x-xll

iii^lliliiiiiiii
.5
.5

19
5
9

16
20

III! 

Illlll
14
7

<5.0
<5.0
<5.0
<5.0
39

iiiiiii^iii
iiiiiiiii 
IBIilli

<5.0
<5.0

4.7 <.2
2.4 <.2
2.9 <.2

15.8 <.2
13.6 <.2

;:^; : g:::::::2;:l:-::;:s:;g:<;;g::;:^i2: ;S:;:x:

X : x ^x'iC'SxQxxoX'XXX;::::::^::^ Xx-x : 

!:  ;:. ;:x:;l".o:xX : XxX>;xVx!<ti2x;: : x;:;

5.3 <.2
6.3 <.2

0.74
.28

<.0l
1.17
3.86

iiiiiii
illlilli
lilSilll
lllilllll 
Illliill

2.57
.29

AGRICULTURAL AREA

S15015
S8025
S89545
S3570
S89544

^$MMiii
llllliiii

mmrnm

8.3
14.3

8.3
11.8
15.8

llilli

22.0
30.5
4.6

51.3
12.7

liiiiill

4.6
9.2
1.1

13.8
2.9

33
4.0
5.0
8.0
7.0

Iiiiiiiii

lillllllll 
Illlillll

3.1
2.5
3.6
2.5
1.0

^liiiiiiiiiiiii
lllliiSlllllll

9
15
34
24
42

1111

1111 

1111

46
<5.0
11

920
7.0

iiiiiiiii:

ilBIll

59.9 <0.2
21.5 <.2
5.0

20.7 <.2
4.7

llSiilllllllllli

x::':Xx:rfV' : rt : X:v:: : : : xxxXX;i:^x;:X:;x 
: : : : x :xiU.y : ::x : x : : : xxxxx:?>';*:XxX>

3.41
7.16
<.01
7.81
<.01

iiiiiiiiii iiiiiiiii
Illliill

UNDEVELOPED AREA
S89459
S89457
S89539
S89456
S89455

;::;S8M«III

illlill

lllSiliii
S34742
S73811
S86584

13.7
11.1
14.2
11.2
10.3

iiiiiii
llillili 
iiiiiii
iiiiiiiiii .,,,,, ,,,,

8.9
10.8

4.6
4.8
2.8

48.5
1.1

liiiiill
iiiiiiiiii 
iiiiiiiiii

.,,,, ,,,,,
1.7

14.0

1.2
1.7
1.1
6.9
1.0

:iiiiimm

iSSSllllli
liisiii
:xXx' ; : ; : : : : : : :^^,je ; :rti: : : : x : x : x ; : :

.9
4.9

5.0
18
7.0
8.0

10

iiiiiiiiii
iiiiiiiii 
Iiiiiiiii;
lllillii;i;

Illllllii.,,,,,,,££,,,,,,

<3.0
<3.0

0.3
6.0

.6
4.2

.4

lllli^lllllll

iiiiiiiiii
,,,,, ,,,,,,,,,,,,,

.6
1.3

15
8

35
9
5

lllii
19111
liii 
illl
1111 ,_,,,,,

8
4

<5.0
14
6.0

40
8.0

iiiiiiiii

IliilBli 
lllilllll

9.0
7.0

18

5.6
22.4
7.0

24.2
9.3 <0.2

ill^llillliiilliiil
|||:|: xc|^|:|:|:|:|x x :|:|x X;X;:|x

,.,,,, 7^,,,,,,,, .._,,,,

4.2 <.2
8.1 <.2

<0.01
1.54
<.0l

21.40
.07

liiiiill

ililiilliil
iiiiiiii Iliiiillllii

1.08
.02

7.70
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Appendix 1B. Major inorganic constituents in, and selected physical properties of, water samples from network wells 
screened in the intermediate zone, Nassau and Suffolk Counties, Long Island, N.Y.-continued

Well
number

Nitrogen,
nitrite,
total

(mg/L as
N)

Nitrogen,
ammonia,

total
(mg/L as

N)

Phos­
phorus,

total
(mg/L as

P)

Phos­
phorus,
ortho,
total

(mg/L as P)

Solids,
sum of

constituents,
dissolved

(mg/L)

Hardness,
total

(mg/L as
CaCO3)

Specific
conduct­

ance,
field

(|o.S/cm)

pH,
lab

(standard
units)

Temper­
ature,
water

(deg. C)

Oxygen,
dissolved

(mg/L)

UNSEWERED SUBURBAN AREA (continued)
S44774
S75455
S24770
S23522
S15810

%$i$m
iHHl!
IliBll
Illliil
SIHlf
S20601
S46283

0.003
<.001
<.001
<.010

.011

iiMi
tliiii!
illiiSilii
Illlliil
iBSil

.001
<.001

<0.01
<.01
<.01
<.01
<.01

IliPllI
illlllB!
IlliSlll
IllStil
fllilllit

<.01
.01

0.04
<.01
<.01

.13

.08

iliiiii
IllMlii
Illiitiiii:
lliillli

H
.07

<0.01
<.01
<.01
<.01

.02

iiiiisiiiiiii
illiillilll:
llliillil!ll:i
llliBillllii
WiiiKiii:

<.01
<.01

49
16
19
55

134

iiliiliilllili
lllllllllli
Illiliiliilll
Illllliilllli
Ill^Iiliilli,.,,.,.,.,,_,,,,,,,,

26

21
4
5

16
55

iiiiiiiiii
^:^;|:;: : :^x-:4b:l:;;: : :;Xx:;;:

IIIKlll
illlMlill

13
4

75
26
31
89

177

IIIBIII:
:::xS::^y38;:SSi:::::

liiBii

illiillll,,,,,,_,,,,,
40

5.80
5.40
6.00
7.40
5.60

iiiiiii
lilllll
iiiiiii

llllilli
7.30
5.50

11.2
10.5
 

11.5
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Appendix 1C. Major inorganic constituents in, and selected physical properties of, water samples from network wells 
screened in the deep zone, Nassau and Suffolk Counties, Long Island, N.Y.
[mg/L, milligrams per liter, \iS/cm, microsiemens per centimeter at 25 degrees Celsius; deg. C, degrees Celsius; <, less than; --, no data]

Well 
number

Silica, 
total 

(mg/L as 
SI02)

Calcium, 
dissolved 
(mg/L as 

Ca)

Magnesium, 
dissolved 
(mg/L as 

Mg)

, Sodium, 
dissolved 
(mg/L as 

Na)

Potassium, 
dissolved 
(mg/L as 

K)

Alkalinity, 
lab Sulfate 

(mg/L as (mg/L as 
CaCOa) SO4)

Chloride, 
dissolved 
(mg/L as 

Cl)

Fiuoride, 
total 

(mg/L as 
F)

Nitrogen, 
nitrate, 
total 

(mg/L as 
N)

LONG-TERM-SEWERED SUBURBAN AREA
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N9768

N7512
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N4082
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7.0
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8

9
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7

3

9
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<5.0
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lllll
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iilllllll
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illiiilll
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Illiiilll 
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<.2
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llllilll
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.99
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Appendix 1C. Major inorganic constituents in, and selected physical properties of, water samples from network wells 
screened in the deep zone, Nassau and Suffolk Counties, Long Island, N.Y-continued

Well 
number

Nitrogen, 
nitrite, 
total 

(mg/L as 
N)

Nitrogen, Phos- Phos- 
ammonia, phorus, phorus, 

total total ortho, 
(mg/L as (mg/L as total 

N) P) (mg/L as P)

Solids, 
sum of 

constituents, 
dissolved 

(mg/L)

Specific 
Hardness, conduct- 

total ance, 
(mg/L as field 
CaCO3) (fiS/cm)

pH, 
lab 

(standard 
units)

Temper­ 
ature, 
water 

(deg.C)

Oxygen, 
dissolved 

(mg/L)

LONG-TERM-SEWERED SUBURBAN AREA
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N7512
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N4082
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N3603

N6745
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<.001

.002

iiiiiiii 
liiiHii
iiiiiiiii 
iiiiiiii

.004

.003

.002

.002
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<.01

<.01

<.01

1111181

Illliill

<0.01

.03

<.01

.04

.02

lIlfBl
111181
iiiiii 
IIIMI
Iliilli

<.01

.05

.02

<.01

<.01

lilill
I11BII

<0.01

<.01

<.01

<.01

<.01

iillliill
illiiiisillli
illlllSlllll

lliiilliiiii
lilllillllii

<.oi
<.01

<.01

<.01

<.01

Ililliilliill
lliiKili

87

91

27

84

34

iiilHllii
lllllliillill

illllBlll
IlllilPillll

106

32

27

57

16

llllilSllffil
lllBBlll

37

32

5

45

10

liililliliil
ililplllll
Iiiiiiiiiii
Illlllillill
IIIIHIIIII....... ....^... ...........

9
5

19

1

illlllil
IIIIBllllll

113

134

33

136

49

Illllil
Illllll
liilll
liilll
iiiiiii

158

46

45

98

23

liilll
liilll

6.10
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Appendix 1C. Major inorganic constituents in, and selected physical properties of, water samples from network wells 
screened in the deep zone, Nassau and Suffolk Counties, Long Island, N.Y.-continued

Well 
number

S37351
S36791
S42225
SI 8058
S75454

x:S24769x:x: x;

liilllll
sS7-i4284ssi;

MM$m

S34021
S33006
S21134
S19057
S35007

i;;S29962ii
: : : :a:.f?lh*!K?>:;:;:;:;:

-.O.^XJ.4rO. . .-. .

: : : :e/iii£|ii: : :SS

S?$9^^::Sx:

Silica, 
total 

(mg/L as 
Si02)
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12.7
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miiiiii.

llliill
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8.3

15.8
13.2
6.6
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Calcium, 
dissolved 
(mg/L as 

Ca)
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Magnesium 
dissolved 
(mg/L as 

Mg)
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1.7
3.3
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dissolved 
(mg/L as 

Na)
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Potassium, 
dissolved 
(mg/L as 

K)
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lililllll

Alkalinity, 
lab 

(mg/L as
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6

17
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7
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4
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lililllll
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: ;xxxxx : x;^>x-x;-:i:

Sulfate 
(mg/L as 

S04)

5.0
<5.0
<5.0
~

<5.0
mmsm
iiiiiii
mrngXttm

iiiiiiii
<5.0
<5.0

6.0
35
<5.0

$i^ii?m
ilMIII
 : :-: . x^v«J»\/-.  ' : : : :
x'xX:X: : _ : :^x :x : x : x

yt^&Wtm

Chloride, 
dissolved 
(mg/L as 

Cl)

88
2.5

14.0
 

3.4
mmw&m

illiiilll
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2.6
7.1

18.4
3.7

lilpilll
 x-:v:v:-'-x^:-/V':-: : x-x-:

Illl|-I:;:l;l
.. ... .  .-. .fr-. /..-. . .-  .
x'xXxXx._x>xXxX ; :

:xXxXxx :4>P::-x:>x.

Fluoride, 
total 

(mg/L as 
F)

<0.2
<.2
<.2
 
<.2

lililllll
:i : iil:^:;S|S;i

iiiiiiii
<.2
<.2
<.2
<.2
<.2

 i-lS^isiS:;
 x-x-x->xx/»: : x : : x x :

^: ; -l^':: |i:ll;::x;
 .-. . .- .-.-^. £t. . . .-.':-.'. 

xXxXxXx^XxXxX.

m^Q&Mt.

Nitrogen, 
nitrate, 
total 

(mg/L as 
N)

7.53
.90

6.24
 

.74
;SxS^iQlSxS

iiiiiiii

iiiiiiii
<.01

.93
1.94
7.85

.46

gxxs^Jiiil
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y^^fWtm

58 Relation Between Land Use and Quality of Shallow, Intermediate, and Deep Ground Water in Nassau and Suffolk



Appendix 1C. Major inorganic constituents in, and selected physical properties of, water samples from network wells 
screened in the deep zone, Nassau and Suffolk Counties, Long Island, N.Y.-continued

Well 
number

S37351

S36791

S42225

S18058

S75454

:i247;69;ll;
! ; :S43638l!;:;
: ! ;S74:2Mii
p/yo/Yi e :

'MMlMi
S34021

S33006

S21134

S 19057

S35007

liiliii
S74285

;i225|ll ; ;
; ; :S26248|:;|

Nitrogen, 
nitrite, 
total 

(mg/L as 
N)

<0.001

<.001

.001
 

.004

liiMii
IlliiiOOiiilli
lliiil&tiill
: : : : :: : : :  n/y-l

"<.6oi"""

<.001

.003
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liiiMii
m^mm
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Nitrogen, 
ammonia, 

total 
(mg/L as 

N)

<0.01
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iliipliiil
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iliiiliii.
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iiiijii
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iiiiiii
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Phos­ 
phorus, 

total 
(mg/L as 

P)

0.09

.02

.03
-

<.01

iiiiiiBll
III!iJJ9i ; i : ;:il
iilaifii'
 i-x-i-xv/x/i-v- 1 ---:-:-:

iiiiii.
.03

.06

.05

.09

.08

liiiiili:
.o: : o:;x^Q4;:|xo:;:

ilipfiii
WmW:m

Phos­ 
phorus, 
ortho, 
total 

(mg/L as P)

UNSEWE

<0.01

<.01

<.01
--

<.01

iiiptiii
w^mmiim
^iii ;::iiiioiiiilii
     -:   : : : :v'->»i-: :-: :: :-: : -: :-:

|i|:ll|illlil

.02

<.01

<.01

<.01

<.01

mm&imm-
iililllllll
^^M^m^

Solids, 
sum of 

constituents, 
dissolved 

(mg/L)

iRED SUBURB;

82

39

89
-

23

illiiliiillliiilii
mmmmmmm
lilii :ili:i:;S!iiiii^ll
-: ::-: :-: : :-  : :-: :»>»- . : : :: :-: :   :-:  . :

iiiiiii^iiiii.............. .^........
28

67

151

19

iilililiiiiilii
xXx:o:x:;:xx;-j4:>::'::>:>::::::>::>::

Illllliiiiliiiliiiliiii
i:|lil:;Pill:illl§?

Hardness, 
total 

(mg/L as 
CaCO3)

WAREA

37

17

30
--

4

liiiilliiiiliiii
illliiiiillli:
iiiliiliilplll

;i|i|lil|i| 
iiilililiii...... ..._.... ...

8

28

82

2

mmmHmm
lllllilll
iiii ;i:i|ilillll

Specific 
conduct­ 

ance, 
field 

(jiS/cm)

133

57

119
-

32

Illlllli
1I13II1I

 : : : : ' : :-:-: «»»: : : : :-: : :

iiiilllilf
19

40

94

231

29

Illlllil
: : : :> : : : : : : : :': : : : l7: :-: : : : : : : : : : : : :

Illlllil

PH, 
lab 

(standard 
units)

5.40

5.70

6.10
--

5.60

liiiili
lilSiiiBIII
llliiail
-: : -:-: : ^^e'^ori : -'  '  '    '  ' 

iiiiiii
5.50

5.60

5.90

5.80

5.20

liiiiili
   ^ W:&7fy\ : 'W: : -<

Iiiiiii
iiiiiii

Temper­ 
ature, 
water 

(deg.C)

11.4

11.5

10.7

10.7

10.9

lifiiliif
liiitiiiiii
iliiiliii
-: : : : : :-:«-:»: :>: : : : : : 

iiiiiii
10.6

11.7

10.9

10.9

10.9

iiliisiii
lilill

Oxygen, 
dissolved 

(mg/L)

10.2

7.0

7.8

8.4

6.4

Illillillli

Iliiiiilll
: :-: :  : : : : : « :  :»  : :-: : : :-: 

liiiiili
10.6

8.2

6.8

8.8

9.4

iiiiiiiii
 ' ':-:-\-W-:' :̂ ^QW- : ':<':>

lllllilll
iiiiiiii
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Appendix 2A. Inorganic trace-element concentrations in water samples from network wells screened in the shallow 
aquifer zone, Nassau and Suffolk Counties, Long Island, N.Y. 1
[mg/L, milligrams per liter, jig/L, micrograms per liter, <, less than; --, no data]

Iron, Manganese, Barium, Boron, Cadmium, Chromium, Copper, Lead, Methylene
dissolved dissolved dissolved dissolved dissolved dissolved dissolved dissolved blue active

Well (jig/Las (^g/Las (jig/Las (^g/Las (^g/Las (jig/Las (^g/Las (jig/Las substances
number Fe) Mn) Ba) B) Cd) Cr) Cu) Pb) (mg/L)

LONG-TERM-SEWERED SUBURBAN AREA
N9946 
N9940 
N9948 
N9942 
N9962

<50 
<50 

14,800 
<50 
530

<50 
<50 

2,750 
<50 
<50

N9944 <50 <50
N9983 <50 <50
N9943 <50 <50
N10035 <50 <50
N9803 <50 <50

IIIPB^

liiiiK^

<200 
<200 
<200 
<200

9JKiliii
iiHil

<0.02 
<.02 
<.02 
<.02 
<.02

<.02 
<.02 
<.02 
<.02

iii
RECENTLY SEWERED SUBURBAN AREA

N9933 
N9926 
N8888 
N9927 
N9928

<50 
60 

230 
<50 
<50

<50 
<50 
120 
660 

1,250

i

70
20
130
80

N9079 
N1197 
N8984 
N9918 
N9939

5,550 
150 
120 
<50 
<50

ill!!

llliil
Illii

:111
 lill
11111;;;
19,000 

160 
<50 
<50 
950

i 
li|l

<0.02 
<.02 
<.02 
<.02 
<.02

i

<.02 
<.02 
.13 

<.02 
<.02

llili
1 The following constituents were not detected above detection limit in network wells from the shallow zone (detection limit in 

parentheses): arsenic (S ng/L), selenium (S p.g/L), and silver (SO pg/L).

62 Relation Between Land Use and Quality of Shallow, intermediate, and Deep Ground Water in Nassau and Suffolk



Appendix 2A. Inorganic trace-element concentrations in water samples from network wells screened in the shallow 
aquifer zone, Nassau and Suffolk Counties, Long Island, N.Y.-continued

Iron, Manganese, Barium, Boron, Cadmium, Chromium,
dissolved dissolved dissolved dissolved dissolved dissolved

Well (jig/Las (jig/Las (jxg/Las (jig/Las (jig/Las (jig/Las
number Fe) Mn) Ba) B) Cd) Cr)

Copper, Lead,
dissolved dissolved
(jig/L as (jig/L as

Cu) Pb)

Methylene
blue active
substances

(mg/L)

UNSEWERED SUBURBAN AREA
S45207 
S65602 
S65607 
S45208 
S45210

S47220 
S48375 
S74286 
S64316 
S64318

<0.02 
<.02 
<.02 
<.02 
<.02

<.02 
.02 

<.02 
<.02 
<.02

ilp
illl 
iiili 
llil 
iiil

AGRICULTURAL AREA
<50
200
380

1,120
70

I

90
200

<0.02 
<.02 
<.02 
<.02 
<.02

<.02 
<.02

UNDEVELOPED AREA
<0.02 

<.02 
<.02 
<.02 
<.02

<.02
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Appendix 2B. Inorganic trace-element concentrations in water samples from network wells screened in the 
intermediate aquifer zone, Nassau and Suffolk Counties, Long Island, N.Y. 1
[mg/L, milligrams per liter, Hg/L, micrograms per liter, <, less than; --, no data]

Well 
number

Iron, Manganese, 
dissolved dissolved 
(ng/L as (ng/L as 

Fe) Mn)

Barium, 
dissolved 
(jig/L as 

Ba)

Boron, Cadmium, 
dissolved dissolved 
(fig/L as (ng/L as 

B) Cd)

Chromium, 
dissolved
(jig/Las 

Cr)

Copper, 
dissolved 
(H.Q/L as 

Cu)

Lead, 
dissolved 
(fig/Las 

Pb)

Methylene 
blue active 
substances 

(mg/L)

LONG-TERM-SEWERED SUBURBAN AREA
N1818 
N7560 
N3699 
N7524 
N10043

Moiillliiimni
iiiiiiiiii
N7219 
N8311 
N4206

<50 
<50 
<50 

2,770 
<50

-. .-,-. .-. -.;X^. ; .-.M-.  . .-.;.;.-. . .-. .;.;.

iliiiiii
S:SS;:<50SSSSS:S

Illilllll
3,060 

760 
<50

<50 
<50 
<50 
<50 
<50

;.;.-.'.-.-.;.;.;.;.^xM.-,-. ;.;.;. .;.

liMiti
mzzgJSfcffm

iliiiiii
<50 
<50 
<50

<200 
<200 
<200 
<200 
<200

Iiiiiiiiii
Iliiiiii

Iiiiiiiiii.
<200 
<200 
<200

30 <1 
30 <1 
80 <1 
40 <1 
30 <1

^iSl^iQSipSSi^^

||1<1;Q||111111^I1111:
S^igi^lOSS-^i^^^^^^lxSS^: 1 ^

::J;::::^^: ; 60::^:S::::::::S:§§^1:;::::S::S::-

10 <1 
40 <1 
10 <1

<10 
<10 
<10

illiidliiil

IlllPiiiill

Illliiiilllli

<10 
<10

<50 
<50 
120

<50

Illiiiill

<50 
<50 
<50

<10 
<10

<10 
<10

llliitiil

Illiiiill
Wff}$G$Qffm±

;llll||||;|il:
<10 

<10

<0.02 

<.02 
<.02 
<.02 
<.02

illlllillil
iiiiiiiiiiii
iiiiiiiliii 
iiiiiiSiiii 
I11IIIIIISI

<.02 
<.02 
<.02

RECENTLY SEWERED SUBURBAN AREA
N8493 
N8364 
N9168 
N7531 
N5007

lliiill 
iiiiiiiii
N3243 
N9252 
N9018 
N7353 
N7536

iimii

350 
310 

0.18 
<50 
<50

lllliJillll
Illliilil
: : : : :;: : : : ::::: : : : :;^x.: :x ; : : : : : : : : : ; : ; :;: : : ; : :

lllSlill
m^^^m^
,,,,, ,,,,,,,,

550 
<50 
<50 
<50

w%%$i$mmi

50 
50 

<50 
130 
<50

lliiiill 
iliiiiii
illlliliil
,,,,_,,,,,

70 
<50 
<50 
<50

i;;S;i;;«5(|:;::i;i;i;

mtf^m^

<200 
<200 
<200 
<200 
<200

IIIPll

lllliiiiilll
Iiiiiiiliii

<200 
<200 
<200 
<200 
<200

190 <1 

90 <1

IllliSplll Ill^Jl 11 
||||J:|||||||||||
i;||iii||||li|i;|illi||iiiE|;li;|i;li
:f%%ijij^

|||i;ll|i|||l||||i|lllii ,,,,__,,,,,,,,,_,,,,,,

10 <1 

20 <1
i;i;i:ii;;:;;;iii};Q;i;i;i;i:;;;;;:i;;;i;i;i;;;;;;:;^l;i;;;;:;^^
m^^mm^m^mm

Illliililli 
Illliililli iiiiiiiiiiii
ii::liili;iillii:iliiliil: i

lllllillll

-mM^&mMi':
mm*8$mm

380 
<50 
<50 
<50 
<50

lliiiill
Illiillii 
inisisiii
Iiiiiiiiiiii

60 
<50 
<50 
<50 
<50

mmmm

20 

30

iiiiiiiii 
iiiiiiiii
iilllilllil 
lllllillll 
lliiiill

<10 
<10

liliisll

<0.02 
<.02 
<.02 
<.02 
<.02

iiiiiiiiiiiii
Illliililli 
IllllBIll
llliiiiliill

<.02 
<.02 
<.02 
<.02 
<.02

Illlilllll 
llilliiilili

UNSEWERED SUBURBAN AREA
S28055 
S11803 
S 14579 

S76675 
S36976

111111
;:;S24??0!!

iiiiiili

<50 
<50 
<50 

50 
<50

Iiiiiiiii

<50 
80 

<50 
<50 
<50 

|ii|p|lj

iliiiiii
  1

<200 
<200 
<200 

<200 
<200

lliiiill
111IM111

iiiiiiiiii

40 <1

<10 <1 
<10 <1

: : : : : : : : : : ; : : :>f:Tn: : : ; : ::: x : :-: : : : : : : : : : : : : : -- ::;>^:^: :::: -: : : ::; : :x : : 

Xv/Xy^yilUv- :;>: :>;XvX;: : >>: :^l: : :-' : ' : : ' : : : ' : " : :

;;|!:llO;llliiliil;!l||lilli

<10

<10 

<10

Iiiiiiiiiiii
Iiiiiiiliii

<50 
<50 
<50 

<50 
<50

iiiiiiiiii 
Illillilij
iiiiiiiiii

20

Ililttlll 
Illiiiill 
Illliililli

iiiiiiiliii

<0.02 
<.02 
<.02 

<.02 
<.02

iiiiiiiliii

iiiiiililii
1 The following constituents were not detected above detection limit in network wells from the intermediate zone (detection 

limit in parentheses): arsenic (S |J.g/L), selenium (S ug/L), and silver (SO ug/L).
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Appendix 2B. Inorganic trace-element concentrations in water samples from network wells screened in the 
intermediate aquifer zone, Nassau and Suffolk Counties, Long Island, N.Y. -continued

Iron, Manganese, Barium, Boron, Cadmium, Chromium, Copper, Lead, Methylene
dissolved dissolved dissolved dissolved dissolved dissolved dissolved dissolved blue active

Well (fig/Las (^g/Las (^g/Las (^ig/Las (ng/Las (tig/Las (^g/Las (^g/Las substances
number Fe) Mn) Ba) B) Cd) Cr) Cu) Pb) (mg/L)

UNSEWERED SUBURBAN AREA (continued)
<50 
<50 
<50 
<50 
<50

<10 
10 
20 
10

<10

<10

<10
<10

30

<0.02 
<.02 
<.02 
<.02 
<.02

AGRICULTURAL AREA
<50 
<50 

1,010 
<50 
<50

<10

<10

<0.02 
<.02 
<.02 
<.02 
<.02

UNDEVELOPED AREA
<50 
<50 
720 
<50 
<50

<50 

<50 
<50

<0.02 
<.02 
<.02 
<.02 
<.02

<.02 
<.02
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Appendix 2C. Inorganic trace-element concentrations in water samples from network wells 
screened in the deep aquifer zone, Nassau and Suffolk Counties, Long Island, N.Y 1
[mg/L, milligrams per liter, ug/L, micrograms per liter, <, less than; --, no data]

Well 
number

Iron,
dissolved 

(ufl/L as Fe)

Manganese,
dissolved

(ug/L as Mn)

Boron, 
dissolved 
(ug/LasB)

Cadmium,
dissolved

(ug/L as Cd)

Copper,
dissolved

(ug/L as Cu)

Lead,
dissolved

(ug/L as Pb)

LONG-TERM-SEWERED SUBURBAN AREA
N103
N9768
N7512
N650
N4082

N8474
N7058
N10033
N3603
N6745

N8525 
N7500 
N8321 
N4450 
N4448

<50 
<50 
<50 
<50 
<50

_
<50 
480 
<50 
<50

N4245
N6190
N7562
N7030
N8007

<50
<50
<50

70
<50

RECENTLY I
<50
<50
<50
<50
<50

SEWERED SUB
<10
<10

20
10

<10

URBAN ARE;
<1
<1
<1
<1
<1

^
<50
220

80
<50
<50

<10
<10
<10
<10
<10

1 The following constituents were not detected above detection limit in network wells from the deep zone 
(detection limit in parentheses): arsenic (5 ^g/L), barium (200 ug/L), chromium (10 ug/L), methylene blue active 
substances (0.02 mg/L), mercury (0.5 ug/L), selenium (5 ug/L), and silver (50 ug/L).
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Appendix 2C. Inorganic trace-element concentrations in water samples from network wells 
screened in the deep aquifer zone, Nassau and Suffolk Counties, Long Island, N.Y.-continued

Iron, Manganese, Boron, Cadmium, Copper, Lead,
Well dissolved dissolved dissolved dissolved dissolved dissolved

number (ng/L as Fe) (^g/L as Mn) (y.g/L as B) (jig/L as Cd) (^g/L as Cu) (^g/L as Pb)

UNSEWERED SUBURBAN AREA (continued)
S37351
S36791
S42225
S 18058
S75454

<50
<50
<50
 

1,020

<50
<50
<50
 

<50

<10
<10
 

20
<10

<1 <50
<1 <50
<1 <50
 

<1 <50

<10
<10
<10
 

<10

<50 
<50 
<50 
<50 
<50

 li 
811
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Appendix 3A. Concentrations of volatile organic compounds in water samples from network wells screened in the 
shallow aquifer zone, Nassau and Suffolk Counties, Long Island, N.Y.
[p.g/L, micrograms per liter, <, less than; --, no data]

Well
number

Trlchloro-
fluoro-

methane,
total

(Wi/L)

1,2-Trans-
dlchloro-
ethene,

total
(ng/L)

1,1-Dichloro-
ethane,

total
(Mfl/L)

Chloroform,
total

(H9/L)

1,1,1-Trlchloro-
ethane,

total
(H9/L)

Carbon
tetra-

chloride,
total

(WJ/L)

Trlchloro-
ethylene,

total
WL)

Dichloro-
bromo-

methane,
total

(Wi/L)

LONG-TERM-SEWERED SUBURBAN AREA
<7 
<7 
<7 
<7 
<9

<7 
<7 
<7 
<9 
<9

;i|i|i 

ill

<5 
<5 
<5 
<5 
<5

4
24

N9079 
N1197 
N8984 
N9918 
N9939

III

lii
liii 
mi

RECENTLY SEWERED SUBURBAN AREA
N9933 <1
N9926 <1
N8888 <1
N9927 <1
N9928 <1

iiiillliiiii

<9
<7
<9
<7
<7

J:;:;:|:|: : S;:;: : :;:J:J:ix;:;5s-/S:;S:;x;:S;:S

<5 <1
<5 <1
<5 <1
<5 <1
<5 <1

:- :̂^t^':^Q:f-^t:'-^:^

5 <1
<1 <1

5 <1
2 <1
1 <1

i|;i|li|i:llli|i|iiiil|||iiili|i|iii|iiiii|

<l <i
<1 <2

1 <1
<1 <2
<1 <2

 'Illxl:!:^*'^'-'!:!-^ l:l:l:IIII^Hr: x : ; : : : : : : : : : : : : : : ; : : : : :

5
<5 
<5 
<5

||
Lirt ' :

!<|; 

19

2
3

<2 
<2
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Appendix 3A. Concentrations of volatile organic compounds in water samples from network wells screened in the 
shallow aquifer zone, Nassau and Suffolk Counties, Long Island, N.Y-continued

Well 
number

1,1,2- 
Trichloro- 

ethane, 
total 

(MO/L)

Tetrachloro- 
ethylene, Bromoform, 

total total
Benzene, 

total

Chloro- 
Toluene, benzene, 

total total
()j.g/L) (i^g/L)

Ethyl- 
benzene, 

total

Xylene, 
total, 

water whole 
tot rec

LONG-TERM-SEWERED SUBURBAN AREA
N9946
N9940
N9948
N9942
N9962

liiiiiiiii

N9944
N9983
N9943
N10035
N9803

IBPilit

<1

<1

<1

<1

<2

|ili(lill: 
Illlllllli

lllHlIll
illilllil,,,,_,..,,,..,.

<i
<i
<2
<2

IHIIill 
IIHIIII:
Illlllll 
iimijm

<1
<1
<1
<1

Illlliill 
Illlliill 
lllliHll 
Ilillil 
.........._....

2
<1
16

lllllllliil 
ilillil 
11111! 
Ilillil 
ilHIii

<2
<2
<2
<2
<2

................ ._.,. ....,,

<2
<2
<2
<2

Illillllillilli

<3
<3
<3
<3
<3

i:i:!!;!i!*&i :i!il!i
: :^S : 5S :;s^3i:S ; : ; sSS
.  -.-. .-.-. .  .-.-._ :- -. .-. .-.-. . .- -.-.-. ,

lllllillil
<3
<3
<3
<3

llliiiliiiii
II11S11I:

<3
<3

<3
<3
<3

:^;:lliiii31iSliiiliii|
: x : : : : : : : : ; : : : ; : x ;^r3; - :::; ' ::::::::: " ::::: ' :::::::: '
-.-. .-.-. . .-.-.-.-.  -: .-.-. -,-.-.-.-.-.  .-.-.-. ,-  . .-.'

wmmmmm

liiiiiiiii, ,,.,,. ,,,,,,,,

<3
<3
<3
<3

;i : :;i;i:l?;i;il:ii:;:ii;:;:;i;:i:;ii 

111811111

lilliiilllil 
Illllllliiil
;:; : ;:;:i : 5;:^S:5^:;Pi:;:;;i:;:;-;;;:;

<4
<4

6
<4
<3

^ I^Sillli
 ' ' ' (i^t'''"-''"''-''"''-''.'.-. .-.-, .-.-. . .-. .-.-.-,-. . .

®i$im
m&mm
Ilillil

<4
<4
<4
<3
<3

Illlil
iiWllll
m&mm

<4
<4
<4
<4
<4

lliliiSlill
: : : : ; : : : : ; : : : : : : : : : ;-^id; : : : >; >: : : : : : : ' : >: :
-. . .-. --.-. .-.-.-. .-. .'.-. .'.-, .'.-, . . . . 

lllilllliii
mM^^MyM

wiiiiMiii........._...........
<4
<4
<4
<4

g: : S:i::::;:: : |^-:S:: ;; ;:-:::8::

llliiilllll
:;s:::s:s:^;::xSS:::S:

g::gS;:?xS6 ; ;->-:>i:ix!:i

<6
<6

<6
<6
<6

w^i^mM
mmmmm

 ^S^M^^ym<M-

<6

<6

<6

<6

<6

MM^^M^ifM
illlMllll
^m^jfc^ti^

iiiiijiii
RECENTLY SEWERED SUBURBAN AREA

N9933
N9926
N8888
N9927
N9928

:;;;N9920!::;;;ll

<2

<1
<2
<1
<1

lifliilillli

<i
<i

i
<i

8

iiliiiilll

<2
<2
<2
<2
<2

iiiiiiilill:llii2|iilli

<3
<3
<3
<3
<3

iiiiiiililllliliii

<3
<3
<3
<3
<3

llllii^iilli

<3
<4
<3
<4
<4

iliiilil

<4
<4
<4
<4
<4

Iiliiiilll

<6

<6

<6

<6

<6
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Appendix 3A. Concentrations of volatile organic compounds in water samples from network wells screened in the 
shallow aquifer zone, Nassau and Suffolk Counties, Long Island, N.Y.-continued

Well 
number

S45207 
S65602 
S65607 
S45208 
S45210

iS68762
' ^SSSSSSSSS
ii$^$Siiii;i

iiiHlliii
iiiiS643Milii
S47220 
S48375 
S74286 
S64316 
S64318

sSo43. :J&?s:'

|S29||ii|
scg>ta:*o;H;:;
: : >iJUfT.i». :l.:af: : : ; : : : ; : ;

i §16605 i;i

S51582 
S51587 
S51568 
S51581 

S51566

x:0>C*«7^; : : : : : ; : : :

xSSliSpIS;:;:;:;:;

S51576 
S52383

S74301 
S54886 
S74294 

S48584 

S74307

mmsm
xS$8946SS-

limi
S86383

illliliii
S74293

Trichloro- 
fluoro- 

methane, 
total

<!
^sws^jsssxSS::

llliilllililt
: xxxxxii1i:xx : : :x : : : : : : :x : :
;:sss;:!Sfc:ssss;;s
x-x-x-X'iSJox-x-xvXv:'

m$%$?Mmi

<j

SS^x^lsivSSiwx

::W:W::x>:iWxWx: : ; x ; : :

'Sfffff^^fffff-ff^\<K

^mmmmm

*

llli^illllil
x;:;:;:;:;x<t : :;:;:;:;xxX;: : : : :

mmgjmmm

^

<!

^mm^mmm

*si-is^i;iKSiS;iiiiii;ii

,,,__,,,,,.....

1,2-Trans- 
dichloro- 
ethene, 

total 
(Wl/L)

<3 
<4 
<4 
<4 
<4

;x:;:?;:;:;:;:^::x:>x:>x:::x:

iiiiliiii^3iiiiiiiiiiiiiii;iiiiii : i

:iS?i:*i:xl3iS:i:iS:i:S>-;:

.........._.. ..........

<4 
<4 
<4 
<4

 :-:::>::>:;:::^3::::x:::::;::x:::: :

iiiiiiii
ss^jg^sssss;:;:

<3 
<9 
<9 
<3 

<9

: : : : : ;x :x :x>Q: x: : : x : x : x ;x ; :

mmmmmm
'Xttxi&Xtff.W^

mmmmmm

<9 
<9

<9 
<9 
<9 

<9

<4
iS:i:iS§i^i:iS:Si:iSS

^MSt^^mm^

lliliiiiiiiili|
'ym^^mm.

,,,,.,_,,,,,,,,

Carbon 
1,1-Dichloro- 1,1,1 -Trichloro- tetra- 

ethane, Chloroform, ethane, chloride, 
total total total total

UNSEWERED SUBURBAN AREA
4 <1 12 <1 

<6 <1 4 <1 
<6 <1 <1 <1 
20 <1 28 <1 
<6 <1 <1 <1

':%yt:+-;t#:i^f-^±.-:-A-\;.f^^^^

 ;:;:;?;:;:;:i:;;;;;:li;;;;;:;:;;;;;;i:;:;:i:i;;:i:;;i;i;gi:i:i:;:s^

liiiiliiiiiiiifc
Wmt^^fM^MM^^^
S;iil;i;i;i;:ii;i;i;i;i^iii;ii;ii;ii : ii;;ii;ixiiiiiiiii;ilii:i ;^

<6 <1 3 <1 
<6 <1 <1 <1 
<6 <1 <1 <1 
<6 <1 <1 <1 
<6 <1 <1 <1

::SSSSS:::ifi!&'?S?::S^

iiiiiiiiiiiiiiiiiffi^^^
' ^ ^  ^^  ^  ^  :-:<:-^^y-^:-^:^-^-^:-'^^^

^ ff^y^^y^^
< '. : :-: : : :.:-:--.:--.i-A.:.x-:.'.:-'.:.:.:.-:.:.:.:.:.:.:.:.:-:.:.:-:.:j> 1J  .-- -  .:.   -   : ::-: :: ::: : : :.:.:.:-:.t-jC---.- --  - - :. 1 .:.:.: - : :    : :-:.:-:. x-:^'!: : : :-   . . . :  
W^:WK--:-;l>t-fX^^

mmt3&^mm?mM^+

AGRICULTURAL AREA

<4 <1 <1 <1 
<5 <1 <1 <1 
<5 <1 <1 <1 
<4 <1 <1 <1 

<5 <1 <1 <1

||;||i:|:i:||i|:;i||;;;;||i|l;i||||i|lii;i:^^

;;;i;:;i;l;i;i;;;i;i;i!!!!^;:;i;;ii;ii:;i;l;i;i;ii:ii;i;iil
y-:--sf-j-stt-:gf--:--x-x^^

Wm&fiyfMtm^m^
:;:;:;:;:;:;:;:;:SS;!^.S:::::::.::::::::::^

:-t^^:-^:i4^1^^tX'^

<5 <1 <1 <1 
<5 <1 <1 <1

UNDEVELOPED AREA
<5 <1 <1 <1 
<5 <1 <1 <1 
<5 <1 <1 <1 

<5 <1 <1 <1

<6 <1 <1 <1
:;;;;:;:;;;;;;;;;;;i;;;i;;^;;:;;i;;;i;;;i;;;;;;:;;i;;;x;;;;;;;;;i;;;:;;;;;;<3;;g

MtmZfi&^m^^Wyj^

:;;i;i;;;i;;;i:i;;:;;;;;;i^;;;;:i;;g;;:;:i;;;;;i;;;i:;;;:;:i;;;i:;i;:i:;^

<5 <1 <1 <1

Trichloro- 
ethylene, 

total

7 

1

*m^;$$mmf.
iiii&Mim
liiiiliPii
illli^liiliiiiliiiiii:.......... .^.... ......

::vx:x:x:x:<l::x ; :X:Xx : x>

lilllllll
: x : : : x : : ; : : x : : : !S,J,: : x ;x : : : x : X;X

mmmmfmm
mmmflmmm

l\

iiiiiiiii^iiiiliiiiiiit
iiiiiiiiiii
: : x : x : : ; : : x :x^j* : x : x : : : x ; :': ;x:

mmmffmtm
;:::S::;:::xo::$i*:x:x;:x:S::::

Iiiiiiiiiii

Ji
iiiil;iiiiiiiiiiix5Ji:iiiigiiii:iiil
:-:'W^M^^m^m

11111811111
Si:i:ixi:iS:;i;lSi:i^ : i:iS:i:

iiiiiiiii;iiii,,,,, ,,,,,.,,

Dichloro- 
bromo- 

methane, 
total

<!
::;:x:x:x><:j;:::::;::::>>x;;i::-:;

s;i;;;;;;;;;i:;;iil;:;;i;i;;xi;i:;Si:i;;;

111111111
i;iiiiliiilx?lli :il;ilili
isliiiiililll.........._.... .....

iiii:ii::illlllllli

iillllllill
x^x.x'x::^;.x:x:x : x : :;x::;x

:::::::x:::;:;:xx?*:::::o;:::x:-.:x:x:

liiiiiii^iillsi;

iiii;i;:iii^i«ii;:;i

<!
iiiiiiiiiii
iiilliiiiSlilili
x-x ; : : x ; : :x'^ :t;: : : ; : : :ox::vx': :;:

mMi&mmm
mmimm

l\

iSJSi:i:i^iiiSiiS:iS:i:i>:;

:;i;i;i;:;i;i;;;i;^J;i;i;Si;i;i;i;i;s;;i

illililili
iii::iiilli ; i;iiiliiliii|^ii

Iillllllill
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Appendix 3A. Concentrations of volatile organic compounds in water samples from network wells screened in the 
shallow aquifer zone, Nassau and Suffolk Counties, Long Island, N.Y.-continued

Well 
number

1,1,2-
Trichloro- Tetrachloro-
ethane, ethylene,

total total
(^ig/L) (^ig/L)

Xylene,
Chloro- Ethyl- total,

Bromoform, Benzene, Toluene, benzene, benzene, water whole 
total total total total total tot rec

(W/L) (W/L) (^ig/L) (ng/L) (^ig/L) (w/L)
UNSEWERED SUBURBAN AREA

S45207 <2 <
S65602 <1 <
S65607 <1 <
S45208 <1 <
S45210 <1 <:

1 <2 <3
I <1 <3
1 <1 <3
1 <1 <3
I <1 <3

<3
<4
<4
<4
<4

<3
<4
<4
<4
<4

<3
<5
<5
<5
<5

<4
<7
<7
<7
<7

<
<4 

<4 
<4 
<4

HI 
iHi
<5 
<5 
<5 
<5

AGRICULTURAL AREA

UNDEVELOPED AREA
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Appendix 3B. Concentrations of volatile organic compounds in water samples from network wells screened in the 
intermediate aquifer zone, Nassau and Suffolk Counties, Long Island, N.Y.
(jig/L, micrograms per liter, <, less than; --, no data]

Well 
number

N1818
N7560

N3699
N7524

N10043
si8xQ6&ji!
iillll
liloill
Wtijtiti^t
iiilill
N7219

N8311
N4206

N8493
N8364
N9168

N7531

N5007

Illlll
^N6655i- ;S
^ WjfcjPM;:'^'*-:-
:'-:?^Rf-£&:W:'-<:'-

  ii
liiiiil
N3243
N9252
N9018
N7353

N7536
 iill
 : : ; :-: : :-x.:x:'^:-:x : x : xx

S28055

SI 1803

S14579
S76675
S36976

Trichloro- 1,2-Trans- 
fluoro- dichloro- 

methane, ethene, 
total total

(|ig/L) (HS/L)

1 940

1 200

<1 <11
<1 <8

<7
illfiliiillll;!!^;!::!;;!:;;
iiiiiiiiiiiiiiiiii
l:::lllilllll!lllilllll
mmi±mmfm£Mff^mmm

:: : x : : : x :x^tx: : : x ; : : : : : : : : : : : : x : : : x : - : : ; : : : :^.if ; :1 : : : : : : : x::::x:......._...........,......_............

<1 <6
<7

<9

<1 <8
<1 <11

<1 <10

<7

IllllllllililliPlilll
m^^m^^mmm^m^m
: : : :>x : x : x : x : x:: : x ;x ; x : : : X':XxXx : x^: ; :iift;:.x:x:x:x : x:
: : :':': : :^ : : : : : : : :V.:^::x::'x:x>x:>x'x'x:x:x^?x :x: x : x :x-:-x:

lllplllllllj:iiil;lli;:
Illilllllllll^illlll

<1 <11
<1 <11
<1 <8

<7
--

<1 <7

<1 <3

<1 <6

<1 <4
<1 <11

Carbon 
1,1-Dichloro- 1,1,1 -Trichloro- tetra- Trichloro- 

ethane, Chloroform, ethane, chloride, ethylene, 
total total total total total

fyig/L) (H3/L) (M8/L) (HS/L) (H9/L)

LONG-TERM-SEWERED SUBURBAN AREA

<2 2 <1 <1 390

<2 <1 <1 <1 130

3 2 2 <1 <1

<4 <1 <1 <1 9
<6 3 114

lllillillllllll^^^^^

IIIIIIIS
iiiiiiilil^^^
:mM:̂ ^W^:m'm:^^^M^:-M:̂

:iijiiiiii^^............ ._............. ........... ._.. ............... ........_ ....... .........._...................._...... ...
5 <1 38 <1 <1

<6 <1 <1 <1 <1
RECENTLY SEWERED SUBURBAN AREA

<5 <1 <1 <1 <1

5 <1 10 <1 1

<2 <1 <1 <1 <1

<5 <1 4 <1 1

<6 <1 <1 <1 <1

I:l|l!i6|!;::|ll: :;l||;:!:!lil;:|l;llll
wtmi$$^m^^^
 :-;fffff:y-::Vf££-::y-;f-y:y-y-:f:Vf^^^
 :-y-::+^f;-;?&y:y-:.y/:.^:y^

]iiiii^ii§iiiii^
^^^miS^Si^M^^^^^^Mii^^^^SiSMiS^

<2 <1 <1 <1 <1
<2 <1 <1 <1 <1
<4 <1 <1 <1 <1

<6 <1 <1 <1 <1
--

Iiil|iilii
x ; x ; X;- ;x : x : : : :;X : . .vX ; : ; X;: : x : x : : : x x : : : : : x : x : x : : x : . '. . :  .-:  -.-  :    ;.<;. ;:- x: : : x : :.x : : : x : . -: : : ;x-! : |x : . : : : : : : : x : x : x : x : x.x: . : .x : Xx- .' : :   :  ':'   : x : :^XvX : : x ; x- x:x : x ; x : ..: :-: : ..

UNSEWERED SUBURBAN AREA

<5 <1 <1 <1 <1

<4 <1 3 <1 <1

<2 <1 <1 <1 <1
<6 <1 <1 <1 <1

<2 <1 <1 <1 <1

Dichloro- 
bromo- 

methane, 
total

(Mi/L)

<2
<2

<2

<1

<1

iiiiiiiiiii
illlllilllli;
 ii-iilliiiiii
M:i^£&tmWz

llliilillll........ ..^... .........
<i
<i

<i
<i
<2
<1

<1

IlllSIiiS
W^^^mm
.x : : : x-x : : : :^:tx : x : x : : : x : x : x :
 :-x'-:-:'x::ox^*:o:-x-:-xoxo:

liSiiiii
Illiiillllll..... _...........

<2
<1

<1

::^s:- ; x :<2x;Sx ;:: x : x : x

<2

<1

<1
<1

<2
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Appendix 3B. Concentrations of volatile organic compounds in water samples from network wells screened in the 
intermediate aquifer zone, Nassau and Suffolk Counties, Long Island, N.Y.-continued

Well 
number

1,1,2-
Trichloro-

ethane,
total

(WI/L)

Tetrachloro-
ethylene,

total
Bromoform, 

total
Benzene, 

total
(MI/L)

Toluene, 
total

Chloro-
benzene,

total
(MI/L)

Xylene,
Ethyl- total, 

benzene, water whole 
total tot rec

LONG-TERM-SEWERED SUBURBAN AREA

<4 

<3 

<5

RECENTLY SEWERED SUBURBAN AREA

UNSEWERED SUBURBAN AREA

S28055 <1 <

SI 1803 <2 <

S14579 <1 <

S76675 <1 <

S36976 <1 <

:1 <2

:1 <2

:1 <1

:1 <1

:1 <2

<3

<3

<3

<3

<3

<3

<3

<6

<4

<5

<4

<3

<3

<4

<5

<4

<3

<3

<5

<4

<6

<4

<4

<7

<3
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Appendix 3B. Concentrations of volatile organic compounds in water samples from network wells screened in the 
intermediate aquifer zone, Nassau and Suffolk Counties, Long Island, N.Y.--continued

Well 
number

S44774 
S75455 
S24770 

S23522 
S15810

liilii
ilMiii
-.-. 'CJ-^yjt '£ft'jt  ' ' ' ' 
::::^:x^xx:>:*:;ig;

S20601 
S46283

S15015 
S8025 
S89545 
S3570 

S89544

1:11111
^i'^i^il

SS5:I;57$:S?:

iniiiii
S89459 
S89457 
S89539 

S89456 

S89455

||8$5||x|
|S:S953B:s:;;:

^WISSP

|§p5p||
S34742 

S73811 

S86584

Trichloro- 1,2-Trans- 
fluoro- dlchloro- 

methane, ethene, 
total total

(Hfl/L) (WJ/L)

<1 <4 
<1 <4 

<1 <6 
<1 <3

:M:iS:!:̂ :Mi:̂ :̂ Mf::?^M:̂

Illl^pllilillll^lllli!

:::^: ; :^:: : :;:^!t:-:: : : ::::x : :: xix;x: >x:xix<3;x: >x:: :x;x;

 . . .-. . .-. . .v^.*.-.-.-.  .-. . .-. . . . .-. . . .-- .-. '.'.^ft.' .-.  --. '. . .-  .

:::::::::::::::::x?^::::::::SS:SS::¥ : ::S:::x^::::::^:;:::S:::

<1 <3 
<1 <4

<1 <9
<1 <4 
<1 <8 
<1 <9 
<1 <8

lltSltlllilllilil!
$iis!ll£s:;Ss^
^^^^^^^f^^^^

<1 <8 
<1 <8 
<1 <8 

<1 <8 

<1 <8
: ; : : : : : : : ^ : : : ' : ^;1:: : : : ; ' : ' : : : : : ' : : : : ; : : : : : : : : : : :^ : : : : : : : : : :Xjii: : : : : : : : ' : ' : ' : : : : : : : :

i;;;;;!i;ji£;$|;i;;i;;;i;l;i;;;S^
x-x-x-XvX-x-XvX'X'X-x-X'X-X'X-x-x-: I-:-:-:-:-:-:-:-:-:-:-:-:-.

wm^^mmmm^mm:
::::fe::'::S:<l : ;:S:::SS-:::S'S:::' : : : ^<8:::::::SS::: : ::

llliillllllliillll
<1 <9 
<1 <9 

<1 <3

Carbon Dichloro- 
1,1-Dichloro- 1,1,1 -Trichloro- tetra- Trichloro- bromo- 

ethane, Chloroform, ethane, chloride, ethylene, methane, 
total total total total total total

(|ig/L) (WI/L) (WI/L) (M-fl/L) (l^g/L) (WI/L)
UNSEWERED SUBURBAN AREA (continued)

<2 <1 3 <1 <1 <2 
<6 <1 <1 <1 <1 <1 
<6 <1 <1 <1 <1 <1 

<2 <1 <1 <1 <1 <1 
<4 <1 <1 <1 <1 <1

mim^mMtim^^^
^ ^ ^y^^^-^^f.^^^^^11̂ ^
 . . . . . ,-. . . . . -.-^JL . --.-. . . . .-.-. -. - .-. .-. . -. . .-. .. -/^.+ --. ...-. ... .-... -. . . . --.-...-. . .-. ^  *  .-.  --. . .- --. .  . ... . .-.-.-...  - ^^ --     .-. ..-. .  ....-...-. . ̂ r + . .. .-.'.. .-. . -'.-. . .-. -'.-.-.  ' X-i Jj'.  .-.-. - . . . .--. .-.

:!:S;:;:;:;:;:;:;:;:;:v^:;!;:::;:;:;:;:;:;:;:;:::::;:;:;:;:;:;:;:;:;:;:;:;:x^?;:;:;:S;:^^

<4 <1 <1 <1 <1 <1 
<6 <1 <1 <1 <1 <1

AGRICULTURAL AREA
<5 <1 <1 <1 <1 <1 
<6 <1 <1 <1 <1 <1 
<4 <1 <1 <1 <1 <1 
<5 <1 <1 <1 <1 <1 

<4 <1 <1 <1 <1 <1

|;;i;;;;;l;l;ll;;i;:|li|||i;:||ll;|||
':̂ m:%:y^mm:Mm^M^m
W:M+^£+MtW^^:t^£^
:-:-:<<-:<<-y.-:-:-:<-:^:-:-\-:^-y.^^^

IJjjjj^jj^^

UNDEVELOPED AREA

<4 <1 <1 <1 <1 <1 
<4 <1 <1 <1 <1 <1 
<4 <1 <1 <1 <1 <1 

<4 <1 <1 <1 <1 <1 

<4 <1 <1 <1 <1 <1
: : : : x¥SS: : x:<;4 i ; ::S£^:S:S:S§::SS::S^Jy':^S

MM£^#Mt^Mim&^
: : : : <.:-:-:-:-\<-\-^£:-\-:<.:.:.\.\.\::-:-:-\.:^^^
^.^   ^:^^::^:^^^^:^

MM$3^$$M$f^^

lllll^6i|l;:il|||||||^|:|||||l|^
<5 1 <1 <1 <1 <1 
<5 <1 <1 <1 <1 <1 

<4 <1 <1 <1 <1 <1
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Appendix 3B. Concentrations of volatile organic compounds in water samples from network wells screened in the 
intermediate aquifer zone, Nassau and Suffolk Counties, Long Island, N.Y.-continued

Well 
number

1,1,2-
Trlchloro- Tetrachloro-

ethane, ethylene,
total total

(MI/L)

Bromoform, 
total 

(H9/L)

Benzene, 
total

(ng/L)

Toluene, 
total

(ng/L)

Chloro-
benzene,

total
(pg/L)

Xylene,
Ethyl- total, 

benzene, water whole 
total totrec 

(ng/L)

UNSEWERED SUBURBAN AREA

Ip

ilf
<2

<5

<4 
<4 
<3 

<3

ill
HI 
IB

<3 

<4

<4 
<5 
<5
<3 

<3

III 
ill 
111
<3 
<5

<3 

<7 

<7 

<4 

<4

111

ill illm.
m§:
<4 

<7

AGRICULTURAL AREA

<3 

<4 

<4 

<3 
<4

li 
Bil

<7 
<5 

<8 

<7 
<8

<7 

<9 

10 

<9

im
ii

UNDEVELOPED AREA
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Appendix 3C. Concentrations of volatile organic compounds in water samples from network wells screened in the 
deep aquifer zone, Nassau and Suffolk Counties, Long Island, N.Y.
[}ig/L, micrograms per liter, <, less than; -, no data]

Well 
number

N103

N9768

N7512

N650

N4082

lilllili:

1&&57/61!
Iiiiiiiii
l$256||l;i
liiiiii
N8474

N7058

N10033

N3603

N6745

ililill
liesiiiii
IPiPl!

N4245

N6190

N7562

N7030

N8007

^'ti&i&i^*
;xWOrr":iF:XxXx

sfiiiws^i^^
 I'JJfOMJlf-.XvX-x

Ilillil
illllill
N8525

N7500

N8321

N4450

N4448

 i$ii

Trichloro- 1,2-Trans- 
fiuoro- dichloro- 

methane, ethene, 
total total

<1 <10

<7

<7

<7

<7

Ililllpllllllllll^lllll

liig^iii:i:i|S;iiiiii^iiilii|iii;iliii:^:S;i||;ii; :

Ilillillllilllllll
:^: : ;o:i:-:->>xi:i:i:;:;:;: : :\ : : : : : X;X;X : : : :':^^"i;>:-: : :-X;:-Xx

<1 <8

<7

<7

<7

<1 <11

liiiiiiiiiiiiiliixiiiiiii
ilili^i^iliilllllili^i lliiiii

Illliilllllliilllll

<7

<1 <10

<1 <10

<7

:;:;:::;:::;::::::^>;^:::::S-^:::::::;-:x::x::XxXX^:x;x:x:x:x:
xxxxXxX^r'X^xxi-x'xXi-xXxXx^/iXxXx:-:-:::

;:;:;;;:;:;;;:;:;;S:!i:;;;;;iS;:;:;:!S:;S:;Si;;;;;;;:::^;;;ss:sx;;
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Appendix 3C. Concentrations of volatile organic compounds in water samples from network wells screened in the 
deep aquifer zone, Nassau and Suffolk Counties, Long Island, N.Y. -continued

Well 
number

1,1,2-
Trichloro-
ethane,

total
(^ig/L)

Tetrachloro-
ethylene,

total
<>ig/L)

Bromoform, 
total

(^ig/L)

Benzene, 
total

(pig/L)

Toluene,
total

<^ig/L)

Chloro-
benzene,

total
(ng/L)

Xylene,
Ethyl- total, 

benzene, water whole 
total tot rec

(^ig/L)

LONG-TERM-SEWERED SUBURBAN AREA

<4 

<7 

<7 

<5 

<5
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ill 
fifl
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l|||
<4 

<5 

<5 
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<4
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iiii

<5 

<8 

<8 
<6 

<6
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<4 
<6 

<6 
<6 

<3

iiiil 
iHl

RECENTLY SEWERED SUBURBAN AREA

<5 

<5

<8 

<3

<4 

<4 

<7 

<7 

<7

il 
lH

<5 

<3 

<8 

<8 

<8 

 

IH
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Appendix 3C. Concentrations of volatile organic compounds in water samples from network wells screened in the 
deep aquifer zone, Nassau and Suffolk Counties, Long Island, N.Y.-continued

Well
number
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Trlchloro- 
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Bromoform,
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bromo-

methane,
total

(MI/L)

<2
<2
<1
<1

.......... .^v. ..........
MMm^^mM

iiiiiiiiiiii
mmmt^mm
illlllillli
1:::11;:::;:; :^1::1S1!:!:;::1

<1

<2
<1
<1
<1

lilliiiiill
WfH^^m^

iiiiiiiiiiii
iiiiiiiiii

Xylene,
total,

water whole
tot rec
(MI/L)
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APPENDIX 4 

Analysis of depth to water and estimated traveltimes of ground water.
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ANALYSIS OF DEPTH TO WATER AND 
ESTIMATED TRAVELTIMES OF GROUND 
WATER

One-way analysis of variance on rank-transformed 
depth-to-water and traveitime data were used to exam­ 
ine differences in (1) depth to water among study 
areas, and (2) traveltimes among study areas for each 
depth zone. The null hypothesis for these tests states 
that the mean ranks are equal for all study areas; rejec­ 
tion of the null hypotheses indicates that at least one 
mean rank differs significantly from the others. If the 
null hypothesis was rejected by the ANOVA test, indi­ 
cating that at least one mean depth to water or travel- 
time-rank value differed from another, Tukey's honest 
significant difference test (Tukey's test) was used to 
determine which means differed. Results indicate that 
the median thickness of the unsaturated zone in the 
unsewered suburban area is significantly greater than 
those in the agricultural or undeveloped areas and that

200

150-

100-

50-

DEPTH TO WATER 
[AB|  [A!  TB}

I

median traveltimes within the shallow zones of the 
three suburban areas are significantly shorter than 
those within the agricultural or undeveloped areas (fig 
A-l). The effect of these differences is probably mini­ 
mal because (1) the greater thickness of the unsatur­ 
ated zone in the unsewered area is offset by the longer 
ground-water traveltimes within the agricultural and 
undeveloped areas, and (2) land use in the agricultural 
and undeveloped areas has undergone little change 
through time: thus, the effects of land use on water 
quality in these areas probably are accurately repre­ 
sented. Results of Tukey's test for the intermediate- 
depth zone indicates that mean traveitime ranks are 
equal among all areas except the unsewered suburban 
area, in which traveltimes are longer than those in the 
long-term-sewered suburban area (fig. A-l). Results of 
Tukey's test for the deep zone indicates that mean trav­ 
eitime ranks are equal among the three suburban areas 
(fig. A-l).
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[jj] Result of tukey's honest
significant difference test. 
Groups of data with 
common letters are not 
significantly different
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* Outlier (1.5 to 3.0 times 
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Figure A1. Depth to water and estimated traveitime of ground water from water table to well screens in all depth zones of each 
study area.
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